“Mr. Cleaner Air Week" 
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FOR SYSTEM 


APPLICATION 


Climate Surney 
Wind Transmitters 


Highly adaptable, Beckman & Whitley 
Climate Survey Wind-Speed and -Direc- 
tion Transmitters have wide applicability. 
They serve not only as elements in 
Beckman & Whitley Wind-Speed and 
-Direction Recorders, but also as basic 
standardized units for scientific weather 
measuring systems of special design and 
telemetering, tape re- 
cording, other data-handling techniques. 


WIND COMPONENT TRANSMITTERS 
with low threshold, providing sine and 
cosine vector resolution for wind-compo- 
nent determination. Also standard linear 
wind-direction transmitters in the same 
basic design. 


WIND SPEED TRANSMITTERS based 
on dragfree light-beam chopper design, 
available in standard types providing 
one, two, four, and 100 pulses per revo~ 
lution. Complete series housed in identi- 
cal environment-proved package with 
triple-labyrinth dust-seals, selected and 
specially-processed low friction bear- 
ings. Extremely rapid transient response 
—guaranteed threshold three-quarters 
mile per hour. 


Send for details on these standard 
units, or, if you have special problems, 
for recommendations on other instru- 
ments or special adaptations. 


i 


7, INC.,SAN CARLOS 4 


instruments for scientific meteorology 


CALIFORNIA 
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For really clean air... 
Pangborn Dust Control! 


Pangborn Dust Collectors trap industrial dusts at the source. By doing so, they reduce 
the hazards of industrial dust. Employee health is safeguarded . . . morale is higher, 
efficiency is increased . . . and community relations are improved. 


Pangborn Dust Control pares operating costs, too, by: 
Cutting machinery maintenance costs, Reclaiming material. Valuable dust can be 
1 saving parts and labor costs, down-time. 3 re-used or sold as a by-product. 


2 Cutting housekeeping costs. Cleaning and 4 Cutting heating costs. Many plants re- 
painting are not required as often. circulate the already-heated cleaned air. 


Which Pangborn Dust Collector do you need? 


For automatic, continuous opera- Also for dry dusts, the Pangborn Cloth For elevated temperature fume 
tion, the Pangborn Self-Cleaning Bag Collector ... an efficient, economical and dust problems, the Pangborn 
Collector . . . combining the proved method of dust control. Its simplified de- Cloth Tube Collector featuring 
efficiency of the cloth screen collec- sign and construction involves a minimum Pressure-Jet fabric cleaning devel- 
tor with continuous operation, uni- of parts. Easily inspected and maintained. oped specially for glass fibre fabrics. 


Pangborn Electric Furnace Exhaust The Pangborn Ventrijet Wet Collector . .. For small volume applications, the 
Hood . .. captures dust, fumes, for hot, moist and other dusts that a dry Pangborn Unit Type Collector . . . 
smoke at electric melting furnaces collector cannot handle. Compact, self- a self-contained unit, shipped as- 
with minimum interference to oper- contained unit with low headroom. Inex- sembled ready for installation. Seven 
ations or maintenance. This hood is pensive to maintain and operate. sizes, ranging from :200 to 1,000 sq. 
applicable to furnaces of all types ft. of cloth area. 

and sizes. 


NOTE: Bulletins are available on all Pangborn Dust Collectors. For-your 
copy or more details, write PANGBORN CoRPORATION, 5100 Pangborn Bivd., 
Hagerstown, Md. Manufacturers of Dust Control, Blast Cleaning, 


Vibratory Equipment—Rotoblast® Steel Shot and Grit®. OF HAGERSTOWN 
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Flooded 
Scrubber 


Removes 
Sub-Micron 
Fumes 


The Research-Cottrell high 
efficiency scrubber uses the unique 
flooded disc principle for removing 
sub-micron fumes in steel-making 
furnaces and chemical processing. 


As shown in the illustration, the 
outstanding feature of this scrubber 

is the simple, adjustable “flooded 
disc.” The flooded disc adjusts for 
maximum cleaning efficiency over 

a wide range of operating conditions. 


* Automatic positioner immediately 
adjusts the disc to meet your varying 
gas and dust control problems. For further ; 
Research-Cottrell, with over 48 information, ° 
years of industrial gas cleaning write for 
experience, will be glad to consult Bulletin 110. 


with you on any specific problem. 


Research-Cottrell 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. i yoy 
Representatives in principal cities of U.S. and Canada 


RC207 


346 - Journal of the Air Pollution Control Association 


* 
4 
£0 
A 
= 


ay JOURNAL OF THE 


AIR POLLUTION CONTROL 


A Bi-Monthly Journal 
Devoted to 
Air Purification 


Editor: Arnold Arch 
Associate Editor: Pat Truschel 
Assistant Editor: Pat Martin 


© Copyright, 1960 
Air Pollution Control Associaticn 
Printed in the United States 


AIR POLLUTION CONTROL 
ASSOCIATION 
4400 Fifth Avenue 
Pittsburgh 13, Pa. 


Publications Committee 1959-60 


B. E. Sawyer, Chairman 
J. C. McCabe 
D. H. Hutchison 
W. A. Hamor 


Editorial Review Committee 1959-1960 


W. C. L. Hemeon, Chairman 
C. A. Bishop, M. D. Thomas, 
G. P, Larson 
M. B. Jacobs, D. H. Hutchison 
W. L. Faith, H. M. Pier 
A. J. Haagen-Smit 
A. C. Stern 


The Editor welcomes writers interested in air pollu- 
tion problems and encourages them to use the pages 
of this journal for the expression of their opinions. 
But neither he nor the Association assumes responsi- 
bility for the validity of the opinions expressed herein. 


THE JOURNAL OF THE AIR POLLUTION CONTROL 
ASSOCIATION is published February, April, June, August, 
October, December with editorial and executive offices 
at 4400 Fifth Avenue, Pittsburgh 13, Pa. 


Second class mail postage paid at Pittsburgh and at 
additional mailing office. 


Subscription price $10.00 per year. 
Foreign subscription $15.00 per year. 


CONTENTS 
OCTOBER 1960 


Total Air Pollution Emissions in Los Angeles County 
R. L. Chass, P. S. Tow, R. G. Lunche and N. R. Shaffer 


A Preliminary Survey of Hydrocarbon-Derived Oxygenated 
Material in Automobile Exhaust Gases 


K. J. Hughes and R. W. Hurn 


Comprehensive Area Surveys in New York State 
C. S. Maneri and W. H. Megonnell 


The Design and Performance of the Aerosol Spectrometer 
A. Goetz, H. J. R. Stevenson and O. Preining 


Lead, Carbon Monoxide and Traffic ; 
R. S. Brief, A. R. Jones and J. D. Yoder 


Eye Irritants Formed During Photo-Oxidation of Hydrocarbons 
in the Presence of Oxides of Nitrogen 


E. A. Schuck and N. A. Renzetti 


The Development of Motor Vehicle Exhaust Emission Standards 
in California 


J. A. Maga and G. C. Hass 


Control of Nitrogen Oxides in Boiler Flue Gases by Two-Stage 
Combustion 


D. H. Barnhart and E. K. Diehl 


Secretary's Page 


Index to Advertisers...... Section Hi-Lites 


Letters to the Editor. . Peale 


Welcome New Members... 


Personalia. .. 


VOL. 10, NO. 5 


Fr 
iy 
Cs) 
LND ED 2 
351 
| 8367 
374 
378 
384 
359 
tion 


In Charlotte, North Carolina 


A. 1. S. 1. SAMPLER readings 


reveal year-to-year improvements in 


AIR POLLUTION CONTROL 


By making a graph of A.I.S.I. Sampler 
readings in Coh Units, Charles S. Frost, 
Director of the Charlotte, N. C. Depart- 
ment of Air Pollution Control, maintains 
an hour-by-hour, day-to-day, and year- 
to-year record of air pollution conditions 
in Charlotte. 

Results of any air pollution regulations 
put into effect can be determined almost 
immediately by reading the A.I.S.I. 
Sampler recordings. 

Charlotte, which is constantly im- 
proving conditions in cleaner air, is one 
of many municipalities throughout the 
country who are maintaining air pollu- 
tion records based on the readings of the 
A.L.S.I. Sampler. 

The low cost of the A.I.S.I. Sampler 
makes it feasible to locate a large number 
of them for complete coverage of a 
geographical area; and its quiet opera- 
tion overcomes any objections to its 
location in or near individual residences. 

Research Appliance Company manu- 
factures another sampler, the A.I.S.I. 
Hydrogen Sulphide Sampler, which 
measures the amount of hydrogen sul- 
phide in the air. It can indicate H2S 
concentration as low as one part per 
billion parts of air. 

It operates on the same principle as 
the Air Sampler, but is fitted with an 
air filter to remove suspended solids; 
and the tape assembly is enclosed to 
prevent blackening of the tape, outside 
the sample spot. 

TO ANALYZE THE SPOTS, 
Research Appliance Company manufac- 


RESEARCH APPLIANCE COMPANY 


Box 307 


tures a Spot Evaluator with which spots 
are evaluated by measurement of light 
transmission. 

Write for descriptive bulletins that 
give complete construction and _per- 
formance details of both the samplers 
and the Spot Evaluator. 


Allison Park, Pa. 
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EDITOR 


Dear Mr. Belyea: 


Congratulations on the very fine 
President’s message which has ap- 
peared in the August issue of the 
Journal. I hope that the members will 
tak heed of your message and do their 
part in charting “THE FUTURE OF 
APC A”. 

This is certainly a fine beginning to 
you" year in office and I hope that in 
futi re issues of APCA additional mes- 
sags in charting “THE FUTURE OF 
APCA.” 


Cuas. W. GRUBER 
Air Pollution Control 
and Heating Engineer 


Western Union Telegram 


Charles N. Howison, Chairman 


The twelfth annual observance of 
cleaner air week emphasizes the con- 
tinuing need for greater public effort 
to solve the problems caused by the 
hazard of air pollution. This year 
there are indications of a renewed 
awareness of the seriousness of air pol- 
lution as a threat to human life and 
property. 

Activities connected with cleaner air 
week call attention to the importance 
of the research and control programs 
carried out by private and govern- 
mental groups. By these means the 
public is reminded that air pollution 
is an individual and community prob- 
lem—its solution is everyone’s gain. 


DWIGHT D. EISENHOWER 


White House, 
Washington, D.C. 


SECRETARY'S PAGE 


NOTICE 
NEW DATES FOR 54th 
ANNUAL MEETING OF 
APCA 


JUNE 11-15, 1961 


These new dates have been 
obtained by popular demand of 
APCA membership through the 
co-operation of the Hotel Com- 
modore management. 


APCA’S PROGRESS 


The practice of using the pictures of APCA personalities on the 
cover of the Journal is a new one. The cover this month is dedicated 
to Charles N. Howison, Executive Secretary, of the Air Pollution Con- 
trol League of Greater Cincinnati who is affectionately known as “Mr. 
Cleaner Air Week.” APCA has many devoted workers, but Charlie 
Howison exemplifies a person who has devoted practically all his life 
to publicizing clean air. It is only proper that the letters to the editor 
should include communications which Charlie has received from the 
Secretary of Commerce and the President of the United States upon 
the occasion of the Twelfth Annual celebration of Cleaner Air Week 
from October 23 to 29. The planning of the Cleaner Air Week Com- 
mittee should make this one the most successful of all. 

Your attention is called to the announcement of the change of 
dates for the 54th Annual Meeting in New York. The new dates 
are June 11 through 15, 1961 at the Hotel Commodore. 

Some of the important actions of the Board of Directors during the 
May 22 and 23 meetings of the Board were: 

1. The advertising rate schedule for the Journal was discussed fully 
and a recommendation made for increasing the rate schedule. A 
55'/2% rate increase was approved shortly after the Board meeting. 

2. The Board reaffirmed present policies of the Editorial Review 
Committee in handling the review and publication of Annual Meeting 
papers in the Journal. 

3. The price of preprints and reprints after annual mectings to 
members was set at $1 per copy for members, $1.50 for non-members 
and $2 for non-members overseas. 

4. Price structure of other publications to be set by headquarters 
after cost studies are made in conjunction with APCA’s publisher. 

5. A By-Law amendment spelling out powers of the Executive 
Committee was approved subject to review and approval of the 
Legal Committee. 

6. A By-Law amendment clarifying succession of presidency as 
recommended by the Legal Committee was approved. 

7. The appointment of an ad hoc committee to study relation- 
ships of local sections to the national organization was approved and 
the President was empowered to appoint this ad hoe committee. 
Louis E. Bunts has been appointed chairman. 

8. Extension of the APCA Abstracts contract with the U. S. 
Public Health Service was authorized for the year 1960-61. 

9. The Ontario Section of APCA was recognized. 

The Executive Committee of APCA composed of President Harry 
Belyea, First Vice-President W. L. Faith, and Vice President L. E. 
Bunts, C. C. Tate and C. G. MacKenzie met at headquarters in 
Pittsburgh on August 23 and 24. 

The Editorial Review Committee has been extremely active since 
the Annual Meeting. Results: all authors were notified of acceptance 
or rejection of papers delivered in Cincinnati with tentative publica- 
tion dates within the 90-day period specified after Annual Meeting. 

The Technical Council will meet in Pittsburgh on November 15. 
Council has been extremely active as indicated by the number of 
reports published in recent Journal. All members with items of 
interest for the Journal are invited and encouraged to submit these 
stories to headquarters for inclusion in the Journal. Closing dates 
for copy are the first of the month prior to publication date. 

The Board of Directors is slated to meet in Pittsburgh on 
October 25. 

It is essential that the questionaires mailed out with ballot 
on increased dues be returned to APCA headquarters. : 

Arnold Arch 


October 1960 / Volume 10, No. 5 


349 


a 
— 


SCHIZOPHRENIC 


Type SD DUCLONE 


\ 

1 

\ 
! 


DUST PARTICLES ARE 


| Industrial dusts have split personalities. They can be 
H peace loving, pleasant, and in some cases precious ... in 
| the proper environment. But let them get out into 
: the open air where they are free to roam and settle where 
! they please! They become unbearable public enemies 
- ... atmospheric delinquents. Take fine mineral particles, 
é for instance. In their proper setting their brilliance 
and striking colors would stir the heart of a poet. But 
who would want them settling from the sky on a 
white suit or staining a newly painted house? Esthetic 
beauty in one place can be unwanted ugliness in another. 


Let Ducon dust specialists psychoanalyze your industrial 
dust and prescribe the right treatment to keep it 

under control. We have a full line of wet and dry dust 
control devices to solve your problem. 


Write for Bulletin C 1058 


| “fe Ducon COMPANY inc. 


147 EAST SECOND STREET - MINEOLA, L.!I., NEW VORK 


CYCLONES © CENTRIFUGAL WASH COLLECTORS © TUBULAR CLOTH FILTERS © DUST VALVES 
Canadian Branch: 
THE DUCON COMPANY, of CANADA, Ltd., 1131 Pettit $t., BURLINGTON, ONTARIO, CANADA 
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From the time that a person 
beg:ns his technical training he is taught 
thai an engineering or scientific problem 
can.ot be solved intelligently until the 
pro)lem is defined. Unfortunately, this 
philosophy is not always followed in air 
pollution control work. Too many 
times, consulting engineers, plant super- 
int-ndents, plant managers, equipment 
suppliers, and control officers apply a 
control device which has proved suc- 
cessful on one installation to another 
type basic equipment that they believe 
may be similar, without taking the 
necessary time and effort to determine 
the degree of similarity. In such cases, 
a little information proves to be most 
harmful. 

Because of necessity, the Los Angeles 
County Air Pollution Control District 
has had to promulgate the most 
stringent regulations possible for sources 
of air contaminants as soon as sound 
technical and economically feasible 
controls have become known. With 
few exceptions, industrial sources have 
been controlled during the past ten 
years. Rules and regulations have 
been promulgated against particulate 
matter, dusts and fumes, sulfur dioxide, 
combustion contaminants, storage of 
petroleum products, open fires, single 
chamber incinerators, oil-effluent water 
separators, gasoline loading, burning 
of fuel oil, and orchard heaters. At 
the present time there is in the making 
a rule which would establish maximum 
limits for the olefinic content of gaso- 
line. The control program will not be 
completed until control is achieved for 
the three major remaining sources of 
air pollution—--the automobile exhaust, 
the evaporation of organic liquids, and 
the combustion of fuels. 

Before standards were established 
in the rules adopted by the APCD, 
considerable information had to be 


_ * Presented at the 52nd Annual Meet- 
ing of APCA,’ Statler Hotel, June 22-26, 
1959, Los Angeles, Calif. 
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TOTAL Air Pollution EMISSIONS in LOS ANGELES COUNTY 


ROBERT L. CHASS, Director of Engineering, PHILIP $. TOW, Senior Research Assistant, 


ROBERT G. LUNCHE, Assistant Director of Engineering, 
NORMAN R. SHAFFER, Intermediate Air Pollution Engineer, 


gathered, correlated, and evaluated 
to insure that the rules would result 
in reducing the emissions of air con- 
taminants to the degree necessary. 
A rule or regulation cannot be arbitrary, 
unreasonable, capricious, or confisca- 
tory. Without proper technical sub- 
stantiation, legislation will not with- 
stand the test of time. The matter of 
economics, of course, must also be con- 
sidered. This is an area in which there 
is wide latitude for disagreement, de- 
pending on whether the problem is 
approached on an individual source 
basis or on a community-wide basis. 
It is generally conceded that such mat- 
ters must be judged on what is best for 
the majority. 

To gain the information upon which 
a rule must be based (which will also 
include the basis for the type of con- 
trol devices that will eventually have to 
be installed), it is necessary to de- 
termine the magnitude of the prob- 
lem, the extent to which control is 
essential and the major sources of the 
contaminants so that a “breaking-off’’ 
point can be fixed. It is obvious that 
a rule cannot require 100 percent con- 
trol. Where the “breaking-off”’ point 
is established depends upon the in- 
formation gathered during the investiga- 
tion and study. 

Since there are no recognized formulae 
for appraising improvements in air 


L. A. County Air Pollution Control District, Los Angeles, Calif. 


pollution levels, several approaches must 
be used to evaluate the reduction of the 
various contaminants affected by a con- 
trol program. Studies to determine the 
dispersion characteristics of the at- 
mosphere, accumulations of data from 
air monitoring programs, and studies 
of the tonnages of materials emitted to 
the atmosphere must form the bases 
for judging progress. 

For the past eight years the Dis- 
trict has maintained a Total Air Pol- 
lution Survey which includes statistics 
by category of source on the emissions 
of all types of air contaminants being 
emitted into the atmosphere daily. 
This continuous survey is made for 
several reasons: first, it is invaluable 
in serving as a method for evaluating the 
progress of the total control effort; 
second, it is useful as a comparison with 
the atmospheric concentrations ob- 
tained through the air monitoring pro- 
gram; third, it indicates clearly those 
sources requiring maximum effort. 

These total air pollution estimates 
have been obtained through a combina- 
tion of the several methods. Through 
the years, correlations between pro- 
duction tonnages and emissions to the 
atmosphere have been established for 
each type operation. Hence, the 
amount of information required to 
maintain these records on a current 
basis is minimized considerably. The 


Table I—Los Angeles County Air Pollution Control District Classification of 
Air Contaminants 


Major Classes 

of Air Subclasses of Typical Members 
Contaminants Air Contaminants of Subclasses 
Organic gases Hydrocarbons Hexane, benzene, ethylene, meth- 


Aldehydes and ketones 


Other organics 
Oxides of nitrogen 
Oxides of sulfur 
Carbon monoxide 
Other inorganics 


Inorganic gases 


Aerosols 


Solid particulate matter 
Liquid particulate matter 


ane, butane, butadiene 
Formaldehyde, acetone 
Chlorinated hydrocarbons, alcohols 
Nitrogen dioxide, nitric oxide 
Sulfur dioxide, sulfur trioxide 
Carbon monoxide 
Hydrogen sulfide, ammonia, chlorine 
Dusts, smoke, fumes 
Oil mists, entrained liquid droplets 
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Table Ii—Current Statistics for Los Angeles County 


Item Quantity 
Population 6,020,000 
Total employees in manufacturing 740 ,000 
Gasoline powered vehicle registration 3,105,000 
Diesel powered vehicle registration 9,000 
Gasoline consumed by vehicles, gal/day 6,075,000 
Diesel] fuel consumed by vehicles, gal/day : 100,000 
Fuel oil consumed by industrial combustion sources, gal e 2,740,000 
Natural gas consumed by industrial combustion sources, gal/day*: ° 3,030,000 
Refinery gas consumed by industrial combustion sources, gal/day*: ° 1,710,000 
Fuel oil consumed by domestic and commercial combustion sources, 
gal/day* 194,000 
Natural gas consumed by domestic and commercial combustion 
sources, gal/day*: 3,990,000 
Solvents used for all purposes, lb/day 1,000,000 
Refinery crude oil throughput, bbl/day 650 ,000 


« During months when Rule 62 is not in effect. 


6 Equivalent gal/day on a Btu basis. 


results of this continuous project serve 
also as a basis for determining the need 
to revise existing rules. 


Air Contaminant Classifications 


In any community, and Los Angeles 
County is no exception, there are many 
sources of man-made and natural air 
pollution. From them a broad variety 
of air contaminants are discharged into 
the atmosphere. For convenience, 
the numerous air contaminants may be 
classified by physical state as gaseous 
or non-gaseous. Those in the gaseous 
state may be further classified as “‘or- 
ganic gases” or “inorganic gases.” 
Those in the non-gaseous state are 
known as “aerosols,” and include all 
solid or liquid particulate matter such 
as smoke, dusts, fumes, or mists. 
Table I presents a detailed tabulation 
of the air contaminant classifications 
used by the Los Angeles County Air 
Pollution Control District. 

Some contaminants, sulfur dioxide 
and fluorides for example, are demon- 
strably toxic to plants or animals. 
Others are known to cause eye irrita- 
tion, nasal irritation, throat irritation, 
visibility reduction, soiling or corrosive 
effects. Some contaminants are sus- 
pected of being involved in more serious 
public health problems. These facts 
are sufficiently important in themselves 
to provoke studies of the respective 
contaminants, their sources, quantities 
emitted, and effects upon the quality 
of the air we breathe. This paper deals 
primarily with those phases and results 
of studies conducted by the Los Angeles 
County Air Pollution Control District 


*Section 24269 of the Health and 
Safety Code of the State of California 
states, ‘“‘The air pollution control officer at 
any time may require from an applicant 
for, or holder of any permit provided for 
by the regulations of the air pollution 
control board, such information, analyses, 
plans, or specifications as will disclose the 
nature, extent, quantity, or degree of air 
contaminants which are or may be dis- 
charged by such source.” 


352 


relative to sources of air pollution and 
the nature and quantities of air con- 
taminant emissions. Secondarily, other 
associated aspects, effects of controls 
and presenting and applying the results, 
are briefly discussed. 


Survey Techniques 


The determination and evaluation of 
types and quantities of air contami- 
nants emitted from air pollution sources 
are accomplished through a combina- 
tion of many procedures. Review of 
literature and records, physical in- 
spections of equipment and operations, 
collection and analyses of effluent 
samples, measurements of flow rates, 
material balances, data reduction cal- 
culations, and surveys of uses and prac- 
tices are all essential to the preparation 
of estimates of air contaminant emis- 
sions. In certain instances, reliable 
emission factors existing from previous 
studies can be used in conjunction with 
appropriate statistics to yield estimates 
of total air pollution emissions. 

A considerable amount of valuable 
information for total air pollution 
studies is derived from statistics pub- 
lished by Chambers of Commerce, 
governmental agencies, research or- 
ganizations, scientific publications, etc. 
These statistics include information 
on new and existing industries, popula- 
tion growth and distribution, vehicle 
registration, and fuel usage. Unfor- 
tunately, these statistics do not always 
provide the information desired in 
an applicable form and must be sup- 
plemented with data from utilities, 
industrial associations, and even in- 
dividual companies. Table II il- 
lustrates typical statistics which were 
used for estimating total air pollution 
emissions in Los Angeles County. 
These should allow comparisons between 
Los Angeles County and other com- 
munities of some factors important to 
estimates of air pollution emissions. 

When a total air pollution study of a 
specific contaminant, industry or opera- 


tion has been completed, the emission 

values cannot be considered permanent, 
Revisions of total air pollution estimate 
are required on a continuous basis be. 
cause of industrial expansion, popula. 
tion changes, more test data, adoption 
of air pollution controls and introdue. 
tion of new processes, techniques 
and materials. 

Usually, several steps are involved 
in the estimation of air pollution emis. 
sions from single operations or processes 
and their extrapolation to total air 
pollution emissions for all such opers- 
tions in a given community. One 
must know materials used, porccsses 
and equipment involved, location of 
points of emission, operation sched ules 
followed, control measures employed, 
composition, and quantity of effluents, 
Detailed questionnaires can be pre 
pared requesting this specific infor 
mation or the sources under  on- 
sideration can, of course, be inspe:ted 
by field personnel, either to consti‘ute 
the survey itself or to implement the 
questionnaire. In addition to the 
questionnaire and field inspections, 
it is most often necessary to obtain 
actual data of stack emissions by sam- 
pling the specific sources. Many con- 
trol agencies have the authority to 
require information from any person 
operating sources capable of emitting 
air contaminants to the atmosphere.* 
On many occasions large discrepancies 
have been found among the informa- 
tion and data furnished by the operator, 
those obtained by the field inspector, 
and those obtained by test. Persever- 
ance and further investigation can 
usually clarify this type dilemma. 

The question is often asked, ‘“‘How 
can questionnaires be sent to operators 
of sources under consideration if the 
sources and operators are not known?” 
One must exercise ingenuity and initia- 
tive. In many cases, lists must be 
used which are not necessarily too 
accurate for the purpose but have the 
possibility of containing some of the 
sources of interest. Lists compiled 
by the chambers of commerce, tele- 
phone companies, fire departments, 
business license agencies, building de- 
partments, tax offices, planning com- 
missions, and industrial waste depart- 
ments are most useful as a starting 
point in any survey. A check of raw 
material suppliers can prove most help- 
ful in ascertaining the degree of com- 
pleteness of the final list. 

As can be expected, it is sometimes 
necessary to send follow-up letters, 
but in a typical survey, response to 
our first letter is about 50 percent, 
after the second letter the overall 
response is 80 percent. In some in- 
stances a third letter, phone call, or 
personal visit is scheduled to obtain 
100 percent response. Usually, it is 
found scheduled to obtain 100 percent 
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SURVEY OF ORGANIC SOLVENTS, THINNERS AND DILUENTS MANUFACTURED OR SOLD IN LOS ANGELES COUNTY 


Company Name 


Address 


Phone No. 


ts:* | Mineral Spirits 
and Terpenes 


Production and Sales Data 


Alcohols and 
Glycol Ethers 


Aromatic 
Hydrocarkons 


Chlorinated 
Hydrocarbons 


Esters 


Monthly production in L. A. 
County (1957 average; gal/mo) 


Per cent of production which 
is reclaimed solvent 


Monthly sales to buyers in L. A. 
County (1957 avg. gals/mo) 


Per cent of sales to each of fol- 
lowing buyers in L.A .Co.(1957) 


. Distributors, repackagers, etc. 
for resale 


« Paint, varnish, lacquer, mfrs. 


. Plastic, resin, putty mfrs. 


. Rubber products mfrs. 


+ Furniture mfrs. 


+ Automobile mfrs. 


+» Ory cleaners 


Degreasing operators 


i. Metal container mfrs. 


Pharmaceutical mfrs. 


Aircraft mfrs. 


*Piease use list on reverse side as a guide to classifying solvents. 
Remarks: (Include name of local sales outlet, if any) 


Signature of 


Title: 


response. Usually, it is found in these 
latter cases that answers to the ques- 
tionnaire have not been forthcoming 
because the plant is no longer in opera- 
tion rather than from willful refusal. 

When all the survey information has 
been received, reviewed, and evaluated, 
it may be used directly in calculation 
of air pollution emission estimates for 
each source or may be tabulated and 
used in calculations for over-all emis- 
sions from various categories. Where 
possible, the use of emission factors 
eliminates time-consuming, expensive 
testing programs and extensive surveys 
of individual sources and accelerates 
the determination of total air pollu- 
tion emission values. 

‘Short-cuts” to obtain estimates of 
air pollution emissions are sometimes 
feasible. For example, in an organic 
solvent survey, it is much easier and 
quicker to contact a relatively few 
suppliers of solvents than all the many 
users. (Fig. 1.) This is also true in 
the case of emissions from natural gas 
burning, in that amounts of natural 
gas burned can be obtained from a 
few suppliers rather than from the 
thousands of users. Many times a 
short-cut method will supplement or 
serve as a check to a complete survey. 

Another type of short cut is feasible 


when surveying an industry or opera- 


tion composed of many companies with 
a relatively few companies responsible 
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Responsible Official: 


for the majority of the emissions. 
Where the extent of a particular in- 
dustry or operation is known, it also 
may be possible to survey only a 
representative few of the companies 
concerned and extrapolate the results. 


Utilization of Total Air 
Pollution Data 


It should be realized that some con- 
taminants which may be relatively 
innocuous in themselves are trans- 
formed wholly or partially by atmos- 
pheric reactions into other materials of 
an annoying or detrimental nature. 
Also, meteorological conditions influence 
the degree of contaminant dispersion and 
kinetics of atmospheric reactions. 
Total air pollution figures, therefore, 
cannot always be construed as direct 
measures of the amount of ‘‘smog”’ pres- 
ent in the atmosphere. They do, 
however, serve to focus attention on 
the possibility of adverse atmospheric 
reactions and attendant air pollution 
effects. 

The APCD utilizes data obtained in 
total air pollution studies as one of the 
bases for recommending and substan- 
tiating legislative and administrative 
actions. Data obtained from the 
studies assist the control officer in 
determining: 

1 The contribution to the total problem 

of each industrial, commercial, and 
domestic activity. 


Example of a questionnaire form used in survey of organic solvents sold in Los Angeles County. 


2 The contribution to the total problem 
of each chemical species emitted. 

3 Hourly, monthly, and yearly varia- 
tions in emission rates. 

4 Variations of emissicns with geo- 
graphical location. 

5 Correlations of emission data with air 
monitoring and meteorological data. 

6 Most effective future control meas- 
ures. 

7 Effects of control measures instituted. 


Presentation of Total Air 
Pollution Data 


The effect and utility of total air 
pollution emission estimates would be 
wasted if they were not brought to the 
attention of control program directors, 
the public, and concerned industry in 
a clearly understandable manner. 
There are many ways of presenting 
total air pollution emission data to 
attain these objectives. 

The APCD usually reports the in- 
formation as average daily tonnages of 
the various air contaminants emitted 
from industrial, commercial, and do- 
mestic activities. For special purposes, 
estimates of maximum or peak daily 
emissions have been made. It has also 
been very revealing to prepare esti- 
mates for specific seasons, hours or 
other designated periods, for specific” 
geographical areas, and for specific 
activities or groups of activities. 

To appraise the public and others in a 
simplified, graphic fashion, total air 
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Table Ill—Emissions of Air Contaminants from Gasoline- and Diesel-Powered Vehicle Exhausts in Los Angeles 


County 


Type of Vehicle* 


— Emissions in Tons per Day 
Oxides 
f 


Aldehydes Other 
Hydro- and Organic 
carbons Ketones Gases 


Carbon 
Monoxide 


Sulfur 


Nitrogen Dioxde 


Automobiles 

Buses and trucks 

Buses and trucks (diesel-powered ) 
Totals (rounded) 


740 9 12 
270 3 4 
4 n n 
1000 12 15 


6850 250 
2000 95 


3 4 


8850 350 


* All vehicles gasoline-powered unless otherwise specified. 


> Includes blow by emissions but not evaporation losses from fuel tanks and carburetors. 


n—-Less than 0.5 ton per day. 


pollution emissions for all Los Angeles 
County sources are reproduced on a 
31/. in. X in. wallet-size card. 
A7 ft X 20 ft display board has been 
constructed at APCD headquarters so 
that all visitors may see at a glance the 
current values. The card bears, in 
addition to average daily tonnages of 
emitted air contaminants, associated 
information such as maximum concen- 
trations of air contaminants measured, 
number of “alerts” declared, motor 
vehicle registration and fuel consump- 
tion, and typical automobile exhaust 
gas measurements. The display board 
presents total air pollution emissions 
from each type of operation and category 
of industry. In addition, the emissions 
of important contaminants are listed 
by source. This system facilitates the 
abstraction of special totals for contri- 
butions of specific industries, operations 
common to many industries, or major 
sources of each contaminant. 

For special treatment where indicated, 
total air pollution data are plotted on 
area maps. Figure 2! is an example of 
this usage of maps. From these, an 
over-all view of contaminant source lo- 
cations and area rate emissions are ob- 
tained. 

Emissions from Vehicle Exhausts 


In the category of vehicle exhausts 
are included the air contaminants 
emitted through the exhausts of gaso- 
line-powered vehicles (automobiles, 
trucks, buses), diesel-powered vehicles 
(truck, buses, railroad locomotive en- 
gines, ships) as well as vehicles powered 
by other fuels. 

The majority of the total average 
daily tonnages of air contaminants 
emitted into the Los Angeles atmosphere 
is from gasoline-powered vehicles. 
Table III shows the comparative daily 
tonnages of the contaminants emitted 
from gasoline- and diesel-powered ve- 
hicles. 

The quality of combustion is con- 
siderably better in a diesel engine than 
in a gasoline engine. For this reason 
only about 0.3 percent of the total 
contaminants emitted from vehicle-ex- 
hausts (excluding carbon monoxide) are 
from diesel-powered vehicles even 
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though one percent of the total fuels 
used for vehicular transportation is 
used in diesel trucks and buses. The 
contribution of air contaminant emis- 
sions from aircraft and railroad engines 
in Los Angeles County is very small 
compared to road vebicles. The fuel 
oil burning steam locomotive, as a 
thing of the past in Los Angeles County, 
adds no pollution. 

Determination of emission rates from 
vehicles is very difficult and has been 
the subject of considerable research 
within the last five years. In arriving 
at total air pollution emission values 
from vehicle operation, determination of 
average driving, and average engine 
conditions must be made for an “aver- 
age’”’ model and make of vehicle. 

Considerable work has been done by 
the APCD Automotive Combustion 
Laboratory on this problem. Studies 
were made of traffic volume and flow 
during various hours of the day. Con- 
ferences were held with other govern- 
mental agencies concerned with traffic 
engineering so that typical driving 
routes could be determined. Freeway, 
main arterial business and residential 
streets were incorporated in the mapped 
routes to insure that average driving 
conditions in the County would be 
realized. 

Driving habits of some 80 individuals 
were recorded by instruments over 
selected composite routes during peak 
and off-peak traffic hours. The per- 
centages of time spent in the various 
driving cycles (idle, cruise, acceleration, 
and deceleration) were computed. 
From this large group of drivers certain 
individuals were found to possess driving 
habits representative of the group as a 
whole. These drivers were then used in 
further surveys. 

Some of the objectives of this driver 
survey were to determine an over-all 
weighted breakdown of time spent in 
various driving cycles, comparison of 
standard and ‘automatic transmission 
performance, study of traffic density 
effects, and comparison of routes. Sam- 
ples of exhaust gas effluents during the 
various cycles of engine operation were 
collected and analyzed. Correlation of 
these analytical results with percentages 


of time spent in the various driving 
cycles, number of vehicles, type of 
operation, and gasoline consumed pro- 
vided the bases for calculating the quan- 
tities of various air contaminants emit- 
ted from automobiles. Combined with 
meteorological observations and traffic 
volume and flow, the degree of the con- 
tribution of automobiles to the air 
pollution problem was made apparent. 


The APCD Automotive Combustion 
Laboratory has been able to accelerate 
and implement the road testing pro- 
gram through the use of stationary 
engines and dynamometers by which 
various driving conditions are sim- 
ulated. Figure 3 shows a typical test 
in progress. Exhaust gases from a 
stationary engine are being vented 
through an after burner device and 
samples of the exhaust gases are 
being collected for analysis. At the 
present time, direct reading instruments 
are being used to measure concentrations 
of hydrocarbons and carbon monoxide 
exhausted from internal combustion 
engines. Grab samples are analyzed for 
oxides of nitogen, aldehydes, etc. 

Many times the APCD is called upon 
to evaluate ideas, suggestions, or pro- 
posals involving the substitution of 
different type fuels for gasoline or differ- 
ent types of propulsion systems. Tests 
for emissions of air contaminants are 
also made to verify opinions based on 
incomplete data or theoretical considera- 
tions. 

Illustrative of certain difficulties en- 
countered in evaluating automobile ex- 
haust emissions are the considerable 
variations in concentrations of nitrogen 
oxides and other exhaust contaminants 
that have been found between auto- 
mobiles of like make, model, and year. 
To add to the difficulties, sampling and 
analytical techniques to measure average 
concentrations during each driving cycle 
were not as sensitive or precise as de- 
sired, although instrumentation has been 
improved recently.2 Table IV _ con- 
tains values obtained from measure- 
ments of a typical automobile exhaust 
gas. 

Chass and Dickinson* discussed the 
calculations of air contaminant emissions 
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Fig. 3. Stationary engine and associated equipment used by APCD Automotive Combustion Laboratory 


in investigation of automobile exhaust gas effluents and efficiencies of control methods. 


from gasoline-powered vehicles from the 
exhaust and from evaporation from 
carburetors. Emissions from passenger 
car exhausts of C; or heavier hydrocar- 
bons, acetylene, aldehydes and ketones, 
other organic gases, carbon monoxide, 
and oxides of nitrogen were calculated 
from APCD test data by the following 
equations: 


1 For each driving cycle 


CxXxXAXVXG 


(379)(2000) 


where 


tons of the contaminant emitted 
per day by the group of ve- 
hicles during the operating 
cycle or condition under con- 
sideration, 

C = average concentration (in ppm 
by volume, dry basis, standard 
conditions) for the contami- 
nant and operating cycle under 
consideration, 

molecular weight of the contam- 
inant, 

V = average volume of exhaust gas 

(in standard cubic feet, dry 

basis) per gallon of fuel burned 


during the operating cycle 
under consideration, 

G = volume of gasoline (in millions of 
gallons per day) burned in Los 
Angeles County by the group 
of vehicles and during the op- 
erating cycle or condition for 


Table IiV—Typical Automobile Exhaust Gas Measurements 


which the calculation is being 

made. 

2 For the total quantity (27') of the 

contaminant emitted per day during nor. 

mal operation of the group of vehicle 
under consideration, 


2T =7,+ 
where 


quantity of the contaminant 

emitted per day during idling, 

Ta = quantity of the contaminant 
emitted per day during accel- 
eration, 

Tc = quantity of the contaminant 
emitted per day during cruis- 
ing, 

Tp = quantity of the contaminant 
emitted per day during decel- 

eration.” 


The necessary data for calculating t: tal 
gasoline consumption per day in !.0s 
Angeles County is obtained from the 
State Board of Equalization and De- 
partment of Motor Vehicles. Vehicle 
registration (excluding trailers «nd 
motor cycles) is used to prorate gaso- 
line consumption in Los Angeles County 
from state gasoline consumption figures. 

As of December 31, 1958, there were 
approximately 2,930,000 motor vehicles 
registered in Los Angeles County. ‘The 
daily average gasoline consumption 
during 1958 was approximately 5,820,- 
000 gallons. 

Exhaust gases contain methane, 
ethane, ethene, and acetylene in such 
quantities that they cannot be ignored 
in any consideration of contaminant 
emissions from  gasoline-powered 
vehicles. Methane and acetylene in 
exhaust gases are calculated from APCD 
test data. On the basis of work by 
Hurn‘ showing the ethane content of 
exhaust gas to be quite low, ethane 
and ethene emissions were considered 
as one fraction and the total emissions 
calculated as ethene. 

Emissions of sulfur dioxide in vehic- 
ular exhaust are calculated from data 


Driving Cycle 


Accelera- Decelera- 
Variables Measured* Idle tion Cruise tion 

Hydrocarbons, average (as hexane), 

ppm 800 400 375 3500 
Acetylene, average, ppm 710 170 178 1096 
Aldehydes, average, (as formalde- 

hyde), ppm 15 rf 34 199 
Nitrogen oxides, average, (as ni- 

trogen dioxide), ppm 23 1100 900 6 
Carbon monoxide, average, percent 

by volume 5.0 4.3 3.5 4.0 
Carbon dioxide, average, percent by 

volume 10.2 12.1 12.4 6.0 
Oxygen, average, percent by volume 1.8 1.5 hud 8.1 
Exhaust gas volume, average, scfm 8 60 35 8 
Exhaust gas volume, range, scfm 5-25 40-200 25-60 5-25 
Exhaust gas temperature, range, °F 300-400 1000-1100 600-700 400-900 
Average driving time, percent 19 19 37 25 


* In addition, there will be found varying amounts above one percent, by volume, of 
n; there also will be minute amounts of sulfur oxides, organic 


water, nitrogen, and hydro 


acids, alcohols, and particulate matter. 
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Table V—Emission of Air Contaminants Into Los Angeles County Atmosphere from Combustion of Fuels 


Emissions, Tons per Day* 
Oxides Oxides 
f of Carbon 
Sulfur Monoxide 


Aldehydes 
Hydro- and 
carbons Ketones 


Other 
Organic 


Other 
Inorganic 


Source Gases 


Nitrogen Aerosols 


ninant 
idling, 
ninant 
accel- 


Lilant 
cruis- 
ant 
decel- 


total 
1 [08 


fuels 

ower plants 
Refineries 
Other industries 
Domestic and commercial 

Gaseous fuels 

Power plants 
Refineries 
Other industries 
Domestic and commercial 
Totals (rounded) 


130 
10 


20 
5 


NOs ws 


ssss 


esses 
sssss 


* During months when Rule 62 is not in effect. 


’ », Negligible, less than 0.5 ton per day. 


on .asoline sulfur contents given by U. 
S. Bureau of Mines National Motor 
Ga-oline Surveys and other sources. 
Th: average sulfur content, by weight, 
of regular gasoline sold in Southern 
Caifornia during 1957 was 0.192 per- 
cent and of premium gasoline, 0.095 per- 
cent. Oxides of nitrogen and partic- 
ulate matter emissions in exhaust gases 
are calculated from the concentration 
levels and exhaust gas volumes deter- 
mined by testing. 


Emissions from Combustion of 
Liquid and Gaseous Fuels 


‘The combustion of liquid and gase- 
ous fuels in boilers, heaters, and other 
process equipment is a major source of 
aerosols, oxides of nitrogen, and sulfur 
dioxide emissions to the Los Angeles 
atmosphere. However, tests show that 
emissions of hydrocarbons, other organic 
materials, and carbon monoxide from 


* Rule 62 of the Rules and Regulations 
of the Los Angeles County Air Pollution 
Control District prohibits the burning of 
liquor or solid fuels having a sulfur content 
in excess of 0.5 per cent by weight and the 
burning of gaseous fuels containing sulfur 
compounds in excess of 50 grains per 100 
cubie feet, calculated as hydrogen sulfide, 
from May 1, 1959 to September 30, 1959 
and from May 1 to October 31 each year 
thereafter. 


properly operated combustion equip- 
ment are extremely low. A manifesta- 
tion of the emissions from certain fuel 
oil burning installations is a visible 
plume, but, generally, this occurs only 
at the largest installations or at in- 
stallations burning high sulfur fuel. 
Smoke due to poor operation is almost 
extinct from stationary combustion 
sources in Los Angeles. 

The principal fuels for stationary com- 
bustion equipment are liquid fuel oils, 
ranging from heavy residual fuels to 
diesel oils, natural gas and refinery 
make gas. Liquefied petroleum gases 
(LPG) are also burned as boiler and 
heater fuel but only in small quantities. 
The APCD reports emissions separately 
for liquid fuels and gaseous fuels and 
further apportions the emissions for each 
into the major sources: power plants, 
refineries, other industrial boilers and 
heaters, and domestic and commercial 
sources. Table V shows actual quanti- 
ties of contaminants emitted from the 
burning of fuels in Los Angeles County. 

Aerosols and sulfur dioxide emissions 
are related to the composition of the 
fuel whereas emissions of oxides of 
nitrogen result from the fixation of 
oxygen and nitrogen in the combustion 
air and are dependent upon combustion 
temperatures, rates of cooling, and 


equipment characteristics. The emis- 
sions of each of the above contaminants 
are derived from the product of average 
contaminant emission factors and fuel 
usage. Contaminant emission factors 
have been obtained from the results of 
more than 200 stack tests by the APCD 
on power plant boilers and other fuel 
oil burning equipment and are shown in 
Table VI. Fuel oil usage figures are ob- 
tained from U. 8S. Bureau of Mines 
monthly “Petroleum Demand’’ reports 
and by actual surveys of fuel oil users. 
Oil refineries, power plants, and other 
large industrial users submit on a regular 
monthly basis the quantities of fuel oil 
consumed. Natural gas usage is ob- 
tained from natural gas suppliers and 
supplemented by surveys of selected 
users. Refinery make gas usage is fur- 
nished directly by the refineries con- 
cerned. 

Since the adoption of Rule 62* large 
consumers of fuel submit to the APCD 
statistics on daily fuel usage. Rule 62 
was promulgated for the sole reason of 
requiring the maximum possible usage of 
natural gas. As all emission factors for 
natural gas are considerably lower than 
for fuel oil, total air pollution emissions 
will be reduced correspondingly during 
the effective periods of Rule 62. 

George and Holmes? presented a re- 


Table VI—Emission Factors for Air Contaminants Discharged from the Combustion of Fuels in Stationary Sources 


———Enmission Factors, Pounds per Thousand Equivalent Barrels of Fuel Oil Burned-—— 


Location of 


Other Oxides 


Other 


Aldehydes 
and 
Ketones 


Stationary Combustion 


Sulfur 
Source 


Dioxide 


Hydro- 
carbons 


Carbon 
Monoxide 


Organic of 


Inorganic 
Gases Nitrogen 


Gases Aerosols 


Power plants 
Gaseous fuels n> 6 18 
Liquid fuels 33.9 24.9 114.2 
Refineries 
Gaseous fuels 156 18 84 
Liquid fuels 146 26.8 473 
Other industries 
Gaseous fuels n 12 ; 30 
Liquid fuels 31.6 25 70.6 
Domestic and commercial 5 


Gaseous fuels 
Liquid fuels 


4020 
6070 * 


1380 
2930 


2.5 90 
11,000 893 


2.5% 126 
11,500 821 


105 
839 


2.5 
8,050 


360 
2860 
300 
2520 


2.5 


n n n 112 
27.9 22.1 62.2 7,425 593 


* Does not include emissions from the burning of refinery make gas. 
n, negligible, traces only. 


October 1960 / Volume 10, No. 5 


1 240 19 
n> 40 3 = 
n 60 6 
n 17 1 i 
n 55 n 1 
n 40 40 4 : 
n 12 1 
0 25 n 5 : 
1 300 400 40 
n the 
| De- 
ehicle 
and 
gaso- 
unity 
were 
hicles 
The 
820,- 
hane, 
such 
.ored 
inant 
yered 
e in 
PCD 
k by 4 : 
it of 
hane 
lered 
sions 
ehic- 
data 
lera- 
n 
00 
96 
| 
i 
6.25 n 
0 
‘ of 
ation 357 


Fig. 4. Electrical precipitator installed to reduce opacity of plume from oil-fired steam-electric generat- 
ing power plant. 


view of the air pollution problems from 
the combustion of fuels concurrently 
with information of interest on total air 
pollution emissions. According to this 
report, steam-electric generating power 
plants were the largest industrial users 
of both fuel oil and natural gas. They 
consumed more than twice the quantity 
of fuel oil used by all other industrial 
customers and approximately ten times 
as much fuel oil as that used by the 
refineries. Metallurgical operations and 
the drying and calcining of other mate- 
rials account for much of the “other 
industrial” fuel usage. In metallurgical 
operations, fuel oil or gas is generally 
used. 

During peak period usage, the power 
plants consumed nearly four times as 
much fuel oil as all other interruptible 
customers of natural gas suppliers. 
Practically all commercial and smal! in- 
dustrial establishments, and the major- 
ity of large industrial plants, use natural 
gas with fuel oil only for standby. 


358 


There are eleven steam-electric gen- 
erating plants and an estimated 17,000 
industrial establishments operating with 
in the boundaries of Los Angeles County. 
Power plants and industrial units collec- 
tively consume fuel oil in amounts vary- 
ing from 60,000 to 100,000 equivalent 
barrels per day, resulting in daily emis- 
sions to the atmosphere of 700 to 1100 
tons of various air contaminants. 

Visible stack plumes from power 
plants burning fuel oil can persist and 
extend for many miles, depending upon 


Table Vil—Emissions from Evaporation of Organic Liquids in Los Angeles 
County 


weather conditions. Besides spreading 
air pollution over a wide area, plumes 
may also bring heavy contaminant cop. 
centrations to ground level at aregs 
downwind from the plants. Heavy 
local concentrations have, in fact, o¢ 
curred and resulted in damage to vege. 
tation and in soot problems. 

The direct control of power plant air 
pollution emissions in the Los Angeles 
area is being approached from four diree- 
tions: (1) substitution of natural gas for 
fuel oil, (2) treatment of the fuel, (3) 
boiler modification, and (4) treatment 
of the effluent. No practical means 
have yet been devised to remove, before 
burning, the elements in the fuel which 
cause contamination. Investigations 
initiated by private enterprise indicate 
that an appreciable reduction in oxides 
of nitrogen can be attained by boiler 
modification. A full scale electric pre 
cipitator has been installed by Souther 
California Edison Company at its local 
El Segundo steam station (Fig. 4) 
after extensive pilot plant studies, but its 
effectiveness has not yet been verified by 
APCD stack tests. 


Emissions from Evaporation of 
Organic Liquids 


Responsible for a substantial tonnage 
of organic emissions in the Los Angeles 
area, second only to automobile exhaust, 
is evaporation of organic liquids. 
Evaporation occurs principally in tanks 
storing crude oil, petroleum distillates, 
solvents, and other chemicals, in car- 
buretors, and in the application of coat- 
ings and adhesives containing volatile 
organic liquids. Hydrocarbons con- 
stitute the gratest part of the emissions, 
but, in the case of solvents and diluents 
contained in protective coatings, about 
25 percent of that evaporated is made up 
of ketones, alcohols, and esters. Table 
VII shows emissions of organic vapors in 
Los Angeles County from the many 
sources from which the process of 
evaporation occurs. 


Storage and Loading 


Storage tank emissions occur by 
“breathing out’’ of the vapors from the 
vessel and displacement of vapors during 
filling operations. Individual stor- 
age containers range from underground 
reservoirs with capacities in the millions 
of gallons to carburetors on automobiles 
with capacities in ounces. Emissions 


Organic Vapor Emissions, 


Source Tons per Day 
Storage and loading 200 
Automobile carburetors and fuel tanks 25 
Organic solvent usage 435 
Total (rounded) 660 
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bis ‘ Fig. 6. Vapor closure on tube for loading 
Vo mee petroleum product into a tank truck. The vapor 
closure prevents vapors from being emitted 
Fig. 5. Storage tanks equipped with floating roof controls. through the tank truck hatch and routes them 
nage through a vapor return line to a vapor control 
geles system. 
aust, from reservoirs are generally insignifi- tank truck loading operations are con- 
uids, cant because of the low volatility of the trolled in Los Angeles County® but prob- operations responsible for the bulk 
anks stored product, usually a heavy residual ably nowhere else. Specialized equip- of organic solvent vapor emissions. 
ates, fuel. Most of the storage capacity for ment was developed by the oil industry Individual surveys have been made 
car- crude oil and petroleum distillates is to seal filling hatches, collect vapors dis- on solvent usage and practices in several 
0at- found in oil industry installations such placed during filling (Fig. 6), and route categories of industry; for example, 
atile as refineries, pipeline tank farms, these vapors to recovery or disposal sys- automobile assembly, metal can and 
con- marine terminals, bulk marketing ter- tems. Package absorption units, using container manufacturing, aircraft, ap- 
ions, minals and plants, production fields, and gasoline from storage as the absorbent, pliance manufacturing, protective coat- 
ents retail service stations. In Los Angeles have been installed at bulk plant or ing manufacturing, dry cleaning, furni- 
bout County, capacity for crude oil storage other locations where flares, fuel gas ture manufacturing, printing, and rubber 
e up in the refineries alone amounts to more systems, or tank farm vapor recovery and plastic products manufacturing. 
able than 7,000,000 barrels, and capacity for systems are not practical or accessible. As a supplement and check on the figures 
rs in light petroleum distillates amounts to ; furnished by these industries, a survey 
any more than 20,000,000 barrels. ——— Carburetors and was made of solvent sales and distri- 
of During the last few years, the petro- septic: bution to Los Angeles County buyers by 
leum industry has carried out an ex- In recent publications,*: ' emissions solvent manufacturers and suppliers. 
tensive program to control the emissions from automobile carburetors and fuel In each of the industries surveyed, in- 
of hydrocarbon vapors from storage tanks are described. The mechanisms formation was obtained on the opera- 
by facilities. They have utilized vapor whereby contaminants are emitted to the tions in which solvents were used. 
the recovery systems, vapor balancing sys- atmosphere and their quantities cal- Due to the nature of the solvent and its 
ring tems, floating roof tanks (Fig. 5), and culated are included in these reports. purpose in industrial operations, alntost 
tor- pressure storage tanks. It is esti- Information from an earlier paper by all of the solvent which is used even- 
und mated that this program has resulted in Wentworth" was applied in computing tually evaporates into the atmosphere. 
ons the reduction of more than 250 tons of evaporation loss emissions from the Thus, the quantities of solvent vapor 
iles hydrocarbon emissions daily. Emis- carburetor during operation and during emissions can be equated to the fresh 
ons sions of hydrocarbon vapors from stor- the “hot soak” period.* solvent usage. Tables VIII and IX give 
age containers operated by the petro- Evaporation emissions from automo- solvent emissions in Los Angeles County 
leum industry have been calculated by bile fuel tanks are based upon APCD fest from various operations and industries. 
les methods presented at an American results which indicate that average Generally, control of solvent vapor 


Petroleum Institute symposium. With 
some modifications, these methods of 
calculations can be used for similar 
products. 

Refinery and bulk marketing terminal 


* The first half hour after cessation of 
engine operation. During this period, the 
heat dissipated from the engine volatilizes 
some gasoline from the carburetor. 
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emissions per tank are 0.045 pounds per 
day. 


Organic Solvent Usage 


A comprehensive survey has been 
conducted of organic solvent usage in 
Los Angeles County. A report by 
Lunche, et al.!? presents the many 
categories of industrial sources and 


emissions has not been practiced be- 
cause of the dilute concentration of 
solvent in the effluent gases from the 
operation involved. Recently, installa- 
tions of controls for some solvent vapor 
emissions have been made." Control 


methods used are direct flame incinera- 
tion, catalytic incineration, adsorption, 
and condensation. 


scrubbing, How- 
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Table Vill—Emissions of Organic Vapors from Operations Using Organic 


Solvents in Los Angeles County 


——Organic Emissions, Tons per Day—— 
a 


lo- Oxy- 
Type of Hyd Total 
ydro- ydro- ydro- otals 
Operation carbons carbons carbons (rounded ) 
Surface coating 190 45 235 
Degreasing 20 40 n 60 
Dry cleaning 20 8 n 30 
Rotogravuring 10 n 3 18 
er 60 n 35 95 
Totals (rounded) 300 50 85 435 


* n, negligible, less than 0.5 ton per day. 


ever, the amount of solvent vapor emis- 
sions controlled is small relative to the 
total quantity of solvent emissions. 

An engineering development project 
and a usage survey supported by demon- 
stration grants from the U. 8. Public 
Health Service have been initiated. 
The engineering development project 
has the objective of evolving feasible 
methods of controlling organic emissions 
from protective coating spraying and 
baking operations. At the present time, 
adsorption of organic solvent vapors 
upon activated charcoal is the approach 
being pursued, as this method appeared 
more promising from a study than 
many other different methods of control. 
Results of these studies will provide 
data on efficiencies of various control 
systems and will be useful for total air 
pollution estimates. The equipment 
and procedures selected for the first 
experimental eontrol development proj- 
ect are described by Spencer, et al.!5 


Emissions from Petroleum Refining 
and Chemical Processing 


An intensive investigation of emissions 
from petroleum refining activities in Los 
Angles County has recently been com- 
pleted as a joint project of the Los 
Angeles County Air Pollution Contro] 
District, United States Public Health 
Service, State of California Department 
of Public Health, and the Western Oil 
and Gas Association. This investiga- 


tion relied heavily upon a source testing 
program. Individual reports covering 
the contaminant sources in refineries 
have been published and a summation of 
all findings has been made in a final 
report.’ In addition to the Joint Proj- 
ect findings, total air pollution emission 
estimates for refinery sources are re- 
vised periodically by the APCD using 
results from a yearly survey of hydro- 
carbon emissions of the oil refineries, a 
semiannual survey of sulfur dioxide 
emissions of the oil refineries, and 
scavenger-type chemical plants, 
monthly reports of fuel usage, from 
daily inspections performed by APCD 
inspectors and from data on permits 
issued for new and modified equipment. 

Table X shows numerical values of 
emissions from petroleum refining and 
chemical processing operations other 
than storage and combustion of fuels, 
already reported in Table V and VII. 
The quantities given in Table X are 
based, as much as possible, upon test 
results, and where test results were un- 
obtainable, upon evaluations using the 
best information available. Table XI 
gives hydrocarbon emission factors for 
petroleum refining sources. 

A prominent source of air pollution in 
local refineries is the catalyst regenerator 
used in the catalytic cracking process. 
Contaminants emitted directly from 
regenerators are carbon monoxide, hy- 
drocarbons, oxides of nitrogen, oxides 


of sulfur, catalyst dust, and a vis. 
ible plum. The catalyst promotes 
cracking of heavier petroleum products 
into lighter petroleum products and 
accumulates deposits of coke and sulfur 
during the cracking reaction. In order 
to regenerate the catalyst it is trans- 
ferred to the regenerator vessel where 
the deposits are burned, producing cur- 
bon monoxide, carbon dioxide, and sul- 
fur dioxide. Oxides of nitrogen are 
produced by the fixation of atmospheric 
nitrogen during the combustion process, 
Catalyst dust is entrained in exit gascs. 

About one-fifth of all carbon monoxicle 
emitted into the Los Angeles atmosphere 
is discharged with the flue gases from 
catalytic cracking regenerators. The 
majority of this carbon monoxide 
originates with fluid-type units. No 
correlation has been established betwecn 
carbon monoxide and any air polluticn 
effect although its toxic nature is well 
known. 

With regard to the hydrocarbons di;- 
charged from catalyst regenerators, 
it has been shown by many mass spectro- 
graphic analyses that 90-95 percent are 
methane and ethane which have not 
been shown to be significant in the pro- 
duction of air pollution effects. 

Emissions of carbon monoxide and 
hydrocarbons are considerably reduced 
in quantity by waste heat boilers. 
These waste heat boilers burn the car- 
bon monoxide and hydrocarbons to car- 
bon dioxide and water, and take ad- 
vantage of the heat released by combus- 
tion to generate steam for refinery pur- 
poses. Two out of the six fluid catalytic 
cracking units in Los Angeles County 
are now equipped with waste heat 
boilers and construction of a waste heat 
boiler for a third unit is almost complete. 
Companies operating two of the remain- 
ing fluid units have indicated their in- 
tention to install or investigate the in- 
stallation of similar units. 

In the circulation of catalyst, attrition 
creates exceptionally fine catalyst par- 
ticles which are not collectible in the 


° Table IX—Organic Solvent Usage in Los Angeles County by Ultimate Consumers: 
Halogen- 
Aliphatic Aromatic ated Alcohols Esters 
Hydro- Hydro-  Hydro- Glycol and Totals 
Type of Consumer carbons carbons carbons Ethers Ketones Others (Rounded) 

Automobile assembler 8 8 0 2 3 3 25 
Aircraft manufacturer 6 8 10 2 5 1 30 
Dry cleaner 20 n> 8 0 0 0 30 
Rubber and plastic product manufacturer 15 2 n 3 4 n 25 
Furniture manufacturer 3 4 0 1 1 1 10 
Metal container manufacturer 1 1 0 1 5 n 10 
Pharmaceutical and cosmetics manufacturer n 0 0 10 2 0 10 
Auto repair 1 2 n n 1 n 5 
Printers 4 4 0 1 1 1 10 
Other activities 160 50 30 20 25 5 290 
Totals (rounded) 215 80 50 40 45 10 445 


Does not include repackagers or manufacturers of products containing solvents. 


> n, negligible, less than 0.5 tons/day. 
¢ on 30-day month. 
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Los Angeles County 


Table X—Emissions of Air Contaminants to the Atmosphere from Petroleum Refining and Chemical Processing in 


Source 


Hydro- 
carbons 


Other Oxides 
Organic of 
Gases Nitrogen 


Aldehydes 
and 
Ketones 


Emissions of Air Contaminants, Tons per Day* 
Oxides 


of 


Sulfur 


Other 
Inorganic 
Gases 


Carbon 


Monoxide Aerosols 


& 

Catalytic cracking regenerators 

Separators and sewers 

Treating 

Relief valves 

Pump glands 

Blowdown, turnarounds, vessel 
and tank maintenance 

Cooling towers 

Compressor exhaust* 

Valves and flanges 

compressor glands 

Miscellaneous refinery equipment 

Chemical: 

sulfur and sulfuric acid 

chemical 

Tc tal (rounded) 


wo ccooloo cocoon 

ccoloc coces 
2O cocoon 


0 
16 
15 


10 


10 


Loco | oo 


75 


Ssc 
| 

coo a 


‘n, negligible, less than 0.5 ton per day. 


usual internal cyclone system of catalyst 
rezenerators. Rule 54 of the APCD 
Rules and Regulations requires that 


nd 
ed 
Ts. 


emissions of this type be limited in ac- 
cordance with the process weight; thus, 
highly efficient dust control equipment 
has been installed for each of the local 
catalytic cracking units. Electrical pre- 
cipitators are used for fluid catalytic 
cracking units and centrifugal type col- 
lectors are usually used for the thermofor 
catalytic cracking units. 

The detached, persistent, opaque 
plume which forms on certain occa- 
sions from the exit gases of the catalytic 
regenerator is a difficult air pollution 
problem. Its formation appears to de- 


Tested only for hydrocarbons and oxides of nitrogen. 


pend upon temperature and humidity. 
Complete agreement as to the mecha- 
nism of its formation, or its composition, 
has not been attained. Fortunately, 
the use of waste heat boilers prevents 
the formation of such a plume almost 
100 percent of the time. 

Other major sources of refinery emis- 
sions in Los Angeles County are also 
controlled. For example, oil-water 
effluent separators are now covered with 
floating roofs or are vented to recovery 
systems. Flares for burning waste gases 
have been made nearly smokeless in 
operation by redesign incorporating 
steam injevtion (Fig. 7) or a “step-up 
pressure” series of venturi burners. 


Table Xi—Hydrocarbon Emission Factors for Petroleum Refining Sources 


Hydrocarbon Emission Factors 
Pounds per 1000 Barrels Crude 


Sources of Emission Uncontrolled Controlled 

Crude oil storage 500 75 
Petroleum distillate storage 670 1002 
Fluid catalytic cracking 200 12° 
Thermofor catalytic cracking 50 — 
Separators 270 8 
Valves and flanges 28 _ 
Pump seals 125° 204 
Relief valves 80 5 
Loading racks 150° 2 
Vacuum jets 150 0 
Blowdowns, turnarounds vessel and tank mainte- 

nance 25 5 
Treating 8 
Cooling towers 6° 
Compressor exhausts 
Miscellaneous 50 12 


* Floating roof controls. 


For vapor recovery, factor would theoretically be zero. 


» Controlled by carbon monoxide waste heat boiler. 


© Mostly packed gland seals. 


4 Mechanical seals for light hydrocarbon service. 


¢ Pounds per 1000 barrels loaded. 


‘ Controlled -by condensation and incineration of non-condensables. 
9 Pounds per 1,000,000 gal of cooling water. 


* Pounds per 1000 cf of gas burned. 
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Does not include emissions of air contaminants from burning of fuels and storage of petroleum products. 


Many packed-gland type pumps in 
light hydrocarbon service have been 
converted to mechanical-seal type 
pumps. Addition, revision, and ex- 
pansion of hydrogen sulfide absorption 
equipment has removed hundreds of 
tons of hydrogen sulfide from refinery 
gases. The hydrogen sulfide is shipped 
to scavenger plants for conversion into 
elemental sulfur or sulfuric acid. By 
this means, as much as 600 tons per day 
of sulfur dioxide is prevented from 
entering the Los Angeles atmosphere. 
Emissions from the major petro- 
chemical plants, which in Los Angeles 
County manufacture styrene, butadiene, 
synthetic rubber, polyethylene and oxy- 
genated solvents, are quite low, about 
one ton per day. These plants are well 
controlled by extensive recovery and 
flare systems. Emissions from other 
chemical processing in Los Angeles 
County are relatively insignificant. 


Emissions from Incineration of 
Combustible Refuse 


Prior to October, 1956, approximately 
11,000 tons of combustible refuse were 
burned in open fires and single chamber 
incinerators in Los Angeles County. 
Open fires, with few exceptions, are now 
illegal in the Los Angeles Basin. These 
exceptions allow for training personnel 
in fire fighting duties and for limited 
agricultural operations. The use of 
single chamber incinerators has veen 
banned in the Los Angeles Basin since 
September 30, 1957. At present, most 
combustible refuse is buried in land-fill 
dumps, and the remainder is burned in 
municipal incinerators or approved 
multiple chamber type incinerators. 
Incinerator design standards for meet- 
ing APCD rules have been set forth by 
Williamson and Twiss.'® 
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Table Xil—Emissions of Air Contaminants from Burning Combustible 
Refuse in Los Angeles County, in Tons per Day 


Emissions Prior to — Emissions after 
Ban on —_ Fires* Ban on Open Fires* 


an and 
Single-Chamber Single-Chamber 
Contaminant Incinerators? Incinerators? 
Hydrocarbons 35 ne 
Aldehydes and ketones 55 ; n 
Other organic gases 40 4 
Oxides of nitrogen 25 3 
Sulfur dioxide 20 1 
Carbon monoxide 175 + 
Other inorganic gases EER n 
Aerosols 80 4 


* Rule 57 of the Rules and Regulations of the Los Angeles County Air Pollution Control 
District prohibits the burning of combustible refuse in the Los Angeles Basin after Septem- 
ber 30, 1957 except for certain acts of fire hazard prevention, fire fighting training, and 


agricultural operations. 


> Rule 58 of the Rules and Regulations of the Los Angeles County Air Pollution Control 


poring prohibits the burning of combustible refuse in any incinerator within the Los, 


gles Basin except in an approved ne incinerator or its equivalent. 


¢n, negligible, less than 0.5 ton/day. 


Table XII compares the emissions 
from the incineration of combustible ref- 
use before and after the single chamber 
incinerator and open fire ban went into 
effect. These emissions are based upon 
test data for many incinerators. 


Emissions from Metallurgical 
Processing 


Emissions of air contaminants from 
the metallurgial industry operations in 
Los Angeles County are generated from 
metal melting and pouring, molding, 
core baking, grinding, fabricating, plat- 
ing, etc. These emissions consist mainly 
of aerosols. 


Table XIII which gives emissions of 
aerosols from all measurable sources in- 
dicates that about six percent of the 
total aerosols discharged into the Los 
Angeles atmosphere are emitted as a 
result of metal melting operations. The 
aerosols emitted from metal grinding, 
polishing, fabrication, etc., are minor in 
terms of tons per day and, in addition, 
their relatively large size enables them 
to settle rapidly and not be dispersed 
into the atmosphere. Their removal 
from effluent gases is also facilitated by 
their size. For the large size aerosols, a 
simple centrifugal separator can effec- 
tively remove these particles. Bag- 


Table Xill—Emissions of Aerosols in Los Angeles County 


Source 


Emissions, 
Tons per Day 


Transportation: 

Automobiles 

Buses and trucks 
Incineration of combustible refuse 
Combustion of liquid fuels 
Combustion of gaseous fuels* 
Organic solvent uses 
Petroleum refining:® 


Catalytic cracking regenerators 
Other 


Chemical industries:° 
Fertilizer 
Other 
Mineral industries:® 
Insulation 
Glass and frit 
Asphalt roofing 
Asphalt batching 
Concrete batching 
Metals melting 
Ferrous 
Steel 
Tron 
Nonferrous 
processing 
Rendering 
Grain and feed 


* Includes emissions from burning of refinery gas. 
> Does not include emissions due to burning of, fuels. 


¢ n, negligible, less than 0.5 ton per day. 


Fig. 7. Smoke from a refinery flare with con- 
trols not operating. With steam injection con- 
trol in operation, no visible smoke is emitted. 


houses and electrical precipitators are 
‘used in the main for control purposes, 
with water scrubbers used in some few 
instances. About 85 percent of the 
aerosol emissions attributed to the 
metal industry in Los Angeles County 
are produced from the nonferrous pyro- 
metallurgical group. 

Emissions from melting of nonferrous 
metals vary greatly not only with the 
types of alloys melted but also with 
melting methods, furnace design, type 
of flux covers used, pouring methods, and 
cleanliness of metal melted. Baghouses 
have proved to be successful and effec- 
tive in most cases where controls are 

uired. 

Table XIV gives emission factors for 
the industrial installations and opera- 
tions emitting aerosols in Los Angeles 
County and indicates the losses that 
can be expected from melting of non- 
ferrous metals in various types of 
furnaces, and what these emission fac- 
tors would be if these sources were con- 
trolled. From available data, it ap- 
pears that the greater the agitation of 
the surface of the molten metal the 
greater the discharge of air contam- 
inants. 

Emissions to the atmosphere from 
gray-iron cupolas has been reduced 
from about 13 to 22 pounds per ton of 
metal melted before controls were in- 
stalled to about 0.3 pound per ton after 
controls were installed; electric steel 
furnaces, from 3 to 21 pounds per ton 
to about 0.2 pound per ton; open- 
hearth steel furnaces, from about 18 
pounds per ton of metal melted to about 

0.4 pound per ton. Baghouses, elec- 
trival precipitators (Figs. 8 and 9) and 
furnace design changes (Fig. 10) are 


- used to achieve the reductions in aerosol 


emissions.’” 

To determine the amount of ferrous 
metals melted, types of furnaces utilized, 
types of operations, and types of con- 
trols, APCD files were reviewed and 
questionnaires sent to all companies in- 
volved in metal processing in Los 
Angeles County. The operating data 


obtained were correlated with emission 
factors (see Table XIV) obtained from 
APCD source tests. The contribution 
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Fig. 8. Dust and fume emissions from 75-ton and 50-ton electric steel melting furnaces controlled by 


electrical precipitator. 


of aerosols from the melting of metals 
for each type operation and installation 
and by the industry as a whole (Table 
XIII) were calculated. 


Emissions from Mineral 
Processing Operations 


The processing of minerals in Los 
Angeles County, which includes glass 
and frit manufacturing, concrete batch- 
ing, asphaltic concrete batching, asphalt 
roofing, rock, sand, and gravel handling, 
etc., discharges about six percent of the 
aerosols emitted into the atmosphere 
from measurable sources (see Table 
XIII). A negligible amount of hydro- 
carbons is also emitted from such in- 
dustries as glass manufacturing and 
asphalt roofing. 

Many of the processes in the handling 
and manufacture of mineral products 
are such that simple centrifugal collec- 
tors or water wash systems (Fig. 11) can 
effectively control the amount of aero- 
sols emitted. In some instances, such 
as perlite manufacturing, the size of 
particles emitted are extremely small and 
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baghouse installations are necessary to 
provide adequate control to limits that 
would comply with the APCD Rules and 


Regulations. Table XIV shows emis- 
sion factors used in obtaining estimates 
of -aerosols discharged in Los Angeles 
County. 


Nature of Contaminants 
Discharged 


From the standpoint of public health, 
the most critical contaminant in the 
atmosphere of Los Angeles County is 
considered to be ozone. A very small 
amount of ozone comes from various 
electrical operations, but the great 
majority is believed formed as a result of 
atmospheric chemical reactions inVolv- 
ing nitrogen oxides and organic gases 
in the presence of sunlight. None of 
the organic gases emitted are believed 
to be toxic by themselves in concentra- 
tions which have been attained in the 
open atmosphere. 

Table XV shows the concentrations 
of ozone, oxides of nitrogen, oxides of 
sulfur, and carbon monoxide specified 


Fig. 9. Four electrical precipitators, each pre- 
ceded by a waste heat boiler, control emissions 
of dusts and fumes from four open hearth steel 
furnaces. 


in the Los Angeles County statutes for 
the various “alert’’ levels. Ozone is 
the only contaminant of these four 
which has reached the first alert level 
concentration, and it has reached this 
level many times over widespread areas 
within the Los Angeles Basin. In cer- 
tain limited areas, concentrations of the 
other contaminants have risen to signifi- 
cant fractions of the first alert level. It 
is not expected, however, that their 
concentrations will reach even the first 
alert levels over widespread areas in the 
foreseeable future. 


Oxides of Nitrogen 


Oxides of nitrogen serve a dual role in 
air pollution, being themselves toxic in 
relatively low concentrations, and also 
active in the ozone-forming reaction. 
For both of these reasons, it is considered 
important to reduce concentrations of 
oxides of nitrogen. Nitrogen dioxide 
(NO,) is formed by oxidation of nitric 
oxide (NO) with.oxygen. An undeter- 
mined amount of nitric acid aerosol is 
formed from further) oxidation of nitro- 
gen dioxide. The quantity of oxides of 
nitrogen emitted from combustion op- 


- erations is dependent upon flame char- 


acteristics, configuration of the firebox 
and flue ways, and amount of excess 
air. 


Oxides of Sulfur 


The extent of sulfur dioxide and sul- 
furic acid mist discharged in combustion 
flue gases is, essentially, a function of the 
amount of sulfur in the material burned. 
About 70 percent of the sulfur dioxide 
emitted in Los Angeles County is from 
the burning of fuel oil or refinery gas and 
remainder is emitted from the burning of 
sulfur or hydrogen sulfide at sulfur and 
sulfuric acid plants, miscellaneous re- 
finery operations, and from vehicles. 

A small amount of sulfur dioxide is 
oxidized to sulfur trioxide in the flux 
gases or in the atmosphere, which im- 
mediately hydrates in the atmosphere to 
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Table XIV—Emission Factors for Aerosols from Metallurgical and Mineral 
Processing Operations in Los Angeles County 


Source 


Aerosol Emission Factor, Pounds 


per Ton of Raw Material P: 


Uncontrolled 


Controlled 


Hot asphaltic concrete plants 
Perlite and vermiculite furnaces 
Glass furnaces (recuperative) 
Frit manufacturing furnaces 
Open Hearth steel furnaces (58-ton 
a capacity Jas ( ) 
Tay iron me ting cupolas (average 
Less than Bot in. LD. 
48-60 in. I.D. 
Greater than 60 in I.D. 
Electric stee] melting furnaces (average) 
than 5 ton capacity 
5-20 ton capacity 
50-75 ton ca 
Melting of red 
Crucible or 
Rotary furnaces 
Reverberatory furnaces 
Electric furnaces 
Melting of yellow brass: 
Crucible furnaces 
Rotary furnaces 
Reverberatory furnaces 
Electric induction type furnaces 
Melting of bronze: 
Crucible furnaces 
Rotary furnaces 
Melting of aluminum: 
Crucible furnaces 
Reverberatory furnaces 


— 
DOW 


| |* 


Se o 
sJ 


No 


* Principally scrap remelt. 
> Using sl 


© With bag ghouse control. 


Fig. 10. A reverberatory gray iron melting furnace. The —— of this furnace does not produce 
emissions in excess of APCD standards. 
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cover as the only control method. 


form sulfuric acid mist. Sulfuric acid 
mist, along with natural and artificial 
particulate matter, contributes to the 
reduction of visibility. 


Carbon Monoxide 


Carbon monoxide in gasoline engine 
exhaust gases accounts for about 75 per- 
cent of the total of about 5500 tons per 
day of this gas emitted into the at- 
mosphere of Los Angeles County. At 
present, about 20 percent is emitted 
from catalytic cracking operations and 
five percent from the metallurgical in- 
dustry. It has been determined from 
many tests that very little carbon 
monoxide is emitted from rubbish burn- 
ing operations or from boilers or heaters 
in this area. Compared to other conr- 
taminants, carbon monoxide is by fer 
the largest emission from a tonnage 
standpoint, but it has not been found to 
be a factor in eye irritation, plant dam- 
age or visibility reduction, nor has the 
concentration of carbon monoxide yet 
reached a toxic level in the open at- 
mosphere. 


Aerosols 


Aerosols in liquid and solid form are 
emitted from a large variety of sources 
within Los Angeles County. Aerosols 
are also formed as the result of photo- 
chemical reactions involving gaseous 
contaminants in the atmosphere. 
Liquid aerosols include the sulfuric acid 
mist formed by oxidation of sulfur 
dioxide from combustion processes and 
ether-soluble material which has not 
yet been chemically identified. The 
ether-soluble portion is believed com- 
posed mostly of matter which is formed 
by atmospheric chemical reactions of 
organic material. 

A considerable fraction of the solid 
particulate matter found in the atmos- 
phere is emitted from many types of 
industrial operations such as mineral 
crushing, metal surface preparation, 
metal melting operations, and soot, ash, 
and dust from liquid fuel burning. 

Table XIII gives estimates of aerosol 
emissions from industrial processes. 
It can be seen that tonnage-wise the 
amount of aerosols emitted from indus- 
trial operations is very small compared 
to the amounts of gaseous contaminants. 
To the total aerosol emissions shown, 
however, must be added an undeter- 
mined amount of dust created from road 
abrasion, naturally occurring dusts and 
pollens as well as aerosols caused by 
atmospheric reaction of certain gaseous 
contaminants. 


Predictions of Future Problems 


Knowledge of the rate of change in 
the quantity of air pollution expected 
due to a change in industrial, commer- 
cial, and domestic activity from year to 
year is important to a control program. 
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Table XV—Los Angeles County Alert Stages for Toxic Air Contaminants: 


—Alert Stages, Parts per Million of Air— 
First Second Third 


Air Contaminant Alert Alert Alert 
Carbon monoxide 100 200 300 
Nitrogen oxides 3 5 10 
Sulfur oxides 3 5 10 
Ozone 0.5 1.0 1.5 


« These alert stages are established by Rule 156 in Regulation VII, Emergencies, of the 
Los Angeles County Air Pollution Control] District. The Regulation was designed to 
prevent excessive buildup of air contaminants and to avoid any possibility of a catastrophe 
caused by toxic concentrations of air contaminants. The Regulation provides for con- 
tinuously maintained sampling stations, measuring the concentrations of air contaminants 
jn accordance with procedures and recommendations of a Scientific Committee. When- 
ever the concentration of any of the above contaminants has been verified as reaching the 
first alert stage, the burning of combustible refuse in an open fire in the Los Angeles Basin 
is prohibited and request for car pool activation is transmitted. If higher alert stages are 
reached, an Emergency Action Committee and the Air Pollution Contro] Board of the 
County are activated for the purpose of advising on action to be taken during the emer- 
gency. This action may involve the curtailing of industrial operations as scheduled on 
a lans submitted by industrial and manufacturing companies. Key companies 
are 10 
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EMISSIONS OF HYDROCARBONS PROM EXHAUSTS OF 
MOTOR VEHICLES IN LOS ANGELES COUNTY, TONS/DAY 
Gasoline Consumption 


1940 1950 1960 1970 1980 1990 


Fig. 12. Yearly variation of hydrocarbon emissions from motor vehicle exhaust based on present emis- 
sion rates, past sales of gasoline, and estimated future consumption of gasoline. 


In a community where there is little 
yearly change, a single survey may 
suffice to determine the present and 
future extent of the air pollution prob- 
lem, except where new processes are sub- 
stituted for old. However, most urban 
communities affected by air pollution 
are expanding and consequently find 
their problems are growing with in- 
dustrial and population expansion. 
Surveys made at regular intervals serve 
as a basis for an evaluation of the control 
program as well as a basis for determin- 
ing future policies. 

The growth of an air pollution prob- 
lem may not necessarily involve pro- 
portionately higher concentrations of 
contaminants, but may involve a greater 
geographical extension of air pollu- 
tion, as suburbs and outlying industrial 
areas are extended. 

Projected figures would also afford an 
estimate of the future effects of a partic- 
ular control measure and an estimate of 
future emissions. As an example, Fig. 
12 shows the estimated yearly increases 
in hydrocarbon emissions from automo- 
biles in Los Angeles County. This 
Fig. may be used to estimate the long 
effects of any future automotive control 
program. 


Limitations and Advantages of a 
Total Air Pollution Survey Program 


It cannot be expected that a survey 
program alone will give accurate data as 
to actual concentrations of contaminants 
expected in a community. Where 
photochemically produced smog is a 
large factor, such as in Los Angeles, the 
contaminants emitted are not those 
which are the most troublesome per se. 
The critical phytotoxicants, eye irrita- 
ting compounds, and ozone are all 
apparently produced from reactions in 
the atmosphere and are not emitted, 
to any important extent, directly from 
artificial processes. Much more study 
is necessary to determine the relation- 
ship between concentrations of con- 
taminants as they are emitted and the 
atmospheric reaction products of these 
contaminants. 

Climatic differences also do not allow 
accurate comparison of a problem from 
one community to another based on 
total air pollution data. Meteoro- 
logical variations are at least as impor- 
tant as differences in emission rates in 
determining air pollution levels. 

Total air pollution figures do not, in 
themselves, indicate which materials 
emitted are the most potent smog-form- 
ing reactants. If it is determined, for 
example, that a certain type of hydro- 
carbon is not a factor in an air pollution 
problem, or perhaps that another par- 
ticular organic material is an especially 
important factor, survey programs can 
be oriented to obtain better data re- 
garding emissions of specific chemical 
types. Until that time, however, and 
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Inorganic Gases 


Hydro- and Other Nitrogen Sulfur Carbon Other 
Source carbons Ketones Organics Aerosols Oxides Dioxide Monoxide Inorganics 

Transportation 

Automobiles? 740 9 12 24 250 20 6850 n 

Trucks and buses (gasoline) 270 3 4 9 95 8 2000 n 

Trucks and buses (diesel) + n ne, 1 4 1 3 n 
Petroleum 

Refining 50 2 n 5 5 50 700 4 

Storage* 80 0 0 0 0 0 0 0 

Marketing 55 0 0 0 0 0 0 0 

Production 60 n 0 0 u n u 0 
solvent uses 

urface coating 190 25 20 3 0 0 0 0 

Degreasing 20 n 40 0 0 0 0 0 

ors cleaning 20 n 10 n 0 0 0 0 

Other 70 20 20 n 0 0 0 0 
Combustion of fuels 

Liquid 2 1 4 30 170 360 n 

Gaseous 4 n 3 10 130 40 1 
Incineration 

Industrial and commercial n n 1 n n n 1 n 

Municipal n nn 3 3 3 1 3 n 

Other n 0 n 1 n n n n 
Chemical 

Sulfur and sulfuric acid 0 0 0 0 0 45 0 0 

ther 16 8 16 10 n 1 n 1 

Metals 0 0 0 6 0 n 175 0 
Minerals 2 0 0 4 0 n u 0 
Miscellaneous u 0 u 2 0 u 0 u 


without any firm basis for excluding one 

contaminant from consideration as being 
less imporant than another, accurate 
emission data should be obtained on all 
materials which are not natural constitu- 
ents of pure air. 

For a large community, the cost of 
conducting a periodic total pollution 
survey is considerable, especially when 
stack sampling must be conducted. 
With a knowledge of all of the limita- 
tions, the responsible agency must make 
a decision as to the feasibility and de- 
sirability, or extent, of a total air pollu- 
tion survey. 

A total air pollution survey program 
has its principal value in pointing out 
the relative contribution of various types 
of sources toward an air pollution prob- 
lem as a whole. 
graphical distribution of sources can be 
made which may allow the formation of 
clean air zones such as provided in 
certain European cities. 
done, however, only after meteorological 
conditions are also studied. 


1. 


2. 


3. 


From such data, a 


This can be 
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A PRELIMINARY SURVEY of HYDROCARBON-DERIVED 
OXYGENATED MATERIAL in Automobile EXHAUST GASES 


re combustion of fuels 
is seldom realized with internal com- 
bustion engines. Therefore, the ex- 
h.ust products from these engines 
contain various species of hydrocarbon- 
derived oxygenated materials—here- 
aiter referred to simply as “‘oxygenates.”’ 
Several problems in connection with 
engine uses, and air pollution problems 
in particular, require information about 
these materials; this work by staff 
members of the Bureau of Mines, U. S. 
Department of the Interior, Bartles- 
ville, Okla., was done to outline the 
types and quantities that might be 
found in automotive engine exhausts. 

Methods using gas chromatography 
to analyze for many of these oxygenates 
have been described.!~* Other reports 
describe the use of chromatographic 
techniques to determine the individual 
oxygenates that occur in preflame mix- 
tures. Modifications of these methods 
were developed to adapt them to 
determine oxygenates found in auto- 
motive exhaust gas and to provide suit- 
able separations of the oxygenates from 
unmodified hydrocarbons. Formalde- 
hyde was not determined; it is pre- 
sumed to be polymerized in the sample 
inlet system and on the column packing. 
In addition, it may be partially reduced 
to methanol. Because of these diffi- 
culties no suitable chromatographic 
method for its determination has been 
developed. Compounds that are deter- 
mined by the methods described include 
ethylene and propylene oxides, metha- 
nol, ethanol, isopropanol, propanol, 
acetone, methyl ethyl ketone, acetalde- 
hyde, and propionaldehyde. 

The quantity of oxygenates produced 
by an engine varies with speed, load, 
and other engine factors. For some 
conditions, about 500 ml of the exhaust 
must be collected in order to obtain 


* Presented at the 53rd Annual Meeting 
of APCA, May 22-26, 1960, Netherland- 
Hilton Hotel, Cincinnati, Ohio. 
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K. J. HUGHES and R. W. HURN, Bartlesville Petroleum Research Center, Bureau of Mines, 
U. S. Department of the Interior, Bartlesville, Okla. 


sufficient oxygenates for a chromato- 
graphic analysis by the techniques 
described. This amount of exhaust gas 
contains about 90 mg of water, and such 
a quantity of water is eluted from a gas 
chromatographic column in a_ broad 
band that may tend to obscure other 
oxygenate peaks. The removal of this 
water, an important step in the analy- 
sis of oxygenates, is difficult to accom- 
plish by chemical means without 
seriously affecting the oxygenates. The 
problem was partially solved by re- 
moving the water by chromatographic 
methods, but this required compromis- 


ing the sample to limit the total quantity 
of water and yet provide enough oxy- 
genates for identification of all quanti- 
tatively significant components. 

It was desirable to increase the ratio 
of oxygenates to interfering materials, 
such as water, in the exhaust gases. 
This was found to be possible by operat- 
ing the engine under motored conditions, 
decelerating conditions, or when the 
engine was deliberately misfired. Most 
of the data obtained in this study were 
taken on exhaust gases produced during 
these operating conditions because they 
were favorable to experimental pro- 
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ADJUSTABLE FLOW RESTRICTION 
TO BALANCE CARRIER-GAS FLOW 


NOTE 2 


DETECTOR >“) 


TO TRAP 


SEE NOTE |—> 


BYPASS SAMPLE 
INTRODUCTION 
COLUMN 


fist STAGE 70°C. 2nd. STAGE 70°C. 
THREE STAGE UNIT 


TRAP——>| 


LIoUID AIR————“ 


NOTE | 
NOTE 2 


SINGLE STAGE UNIT 


3rd. STAGE roc} 


He 
+ 
<— DETECTOR 
A 
TRAP FOR 
SECONDARY 


IDENTIFICATION 
58°c. 


OUTLET SIDE OF REFERENCE CELL IS CLOSED AFTER PURGING 
© FOLLOWING STAGE IN SERIES WITH PRECEDING STAGE 


® FOLLOWING STAGE INDEPENDENT OF PRECEDING STAGE 


Fig. 2. Flow schematic of GLPC analytical system. 


cedure and similar to conditions often 
encountered in automotive operation. 
However, late in the study the oxy- 
genates in cruise exhausts were deter- 
mined with an ionization-type detec- 
tor that was highly sensitive to trace 
amounts of oxygenates and relatively 
insensitive to water. 

The key problem in using gas chroma- 
tography for the analyses of exhaust 
gases is to shift the elution points of 
water and hydrocarbons so that they 
do not cover small oxygenate peaks. 
Chromatographic columns that employ 
a highly polar substrate, such as glyc- 
erol, retain water and oxygenates for 
a much longer time than hydrocarbons 
of a corresponding boiling range. 
Therefore, polar column packings were 
used in the first two stages of a three- 
stage gas chromatographic system to 
effect a major separation between hy- 
drocarbons, oxygenates, and water. 
The third, an essentially nonpolar 
silicone column, served principally to 
aid in over-all separation of compounds. 

The analytical technique for exhaust 
gases was designed to elute all hydro- 
carbons through n-heptane ahead of 
the low-boiling oxygenates, and to re- 
tain water until all major oxygenated 
components were passed. The tech- 
nique also provided for reanalysis of 
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portions of those compounds eluted 
from the three-stage unit with a single- 
stage chromatograph having higher re- 
solving power than the staged unit. 


Description of Equipment and 
Technique 


Mode of Engine Operation 


Exhaust gases for the study were pro- 
duced in an automotive V-8 engine 
connected to an absorption dynamom- 
eter and to an auxiliary engine ap- 
propriately coupled to motor the test 
engine or to control its deceleration rate. 
The engine was equipped with a conven- 
tional automatic transmission. 

Before any exhaust samples were 
taken, the engine was warmed up using 
either the test fuel or house-brand 
regular grade gasoline and with speed 
and load adjusted to simulate 40 mph 
level-road automotive operation. After 
a suitable warmup period, the car- 
buretor bowl was drained and refilled 
with the test fuel, after which the sys- 
tem was ready for operation as follows. 

Simulated cruise: This was meant 
to simulate the engine condition when 
the vehicle for which the engine was 
designed was driven on level road. It 
was established by loading the engine 


with a dynamometer at a drive-shaft 
speed corresponding to the simulated 
road speed, and with the load adjusted 
to the manufacturer’s vehicle power- 
requirement data. Exhaust gas sam- 
ples were taken during stabilized opera- 
tion. 

Misfired: Same as simulated cruise, 
except one spark plug wire was re- 
moved. 

Deceleration: Starting from stable 
simulated cruise at 50 mph, the throttle 
was closed, dynamometer load simul- 
taneously was reduced to zero, and the 
auxiliary power was applied through the 
dynamometer coupling to limit de- 
celeration rate. Deceleration was con- 
trolled to drop the indicated speed from 
50 to 20 mph in 25 sec., and the exhaust 
gas sample was taken as indicated speed 
dropped past 40 mph. The sampling 
time was not allowed to exceed five sec. 

Motored: Starting from stable simu- 
lated cruise at 40 mph, the ignition wes 
turned off, the throttle position was le't 
unchanged, the dynamometer load was 
reduced to zero, and the indicated speed 
was maintained at 40 mph with an 
auxiliary engine. Exhaust gas samples 
were taken as soon as a stable condition 
was reached. 


Exhaust Gas Sampling and Transfer 


Figure 1 illustrates the sampling and 
transfer system. The sample was taken 
from the exhaust stream into a 500-ml. 
evacuated flask. After being filled with 
exhaust gases, the flask was immersed in 
liquid air, and the gases not condensed 
at liquid air temperatures were pumped 
off. The remaining compounds were 
subsequently vapor transferred to a 
10-ml stainless steel ““U’’ tube used as a 
sample cell for a gas chromatograph. 
When this transfer was properly accom- 
plished, the sample cell contained carbon 
dioxide (CO.), hydrocarbons (excluding 
methane), hydrocarbon oxygenates, and 
water. At this condition the sample 
was ready to introduce into the chroma- 
tographic analyzer. 


Gas Liquid Partition Chromatographic 
(GLPC) Analytical System 


A three-stage gas chromatograph was 
chosen to handle the various oxygenates 
likely to be found. Additional resolu- 
tion, as required, was accomplished by 
collecting fractions from the three- 
stage unit and reanalyzing this fraction 
in a single-stage unit. 

The GLPC analytical systems are 
shown in Fig. 2. The three-stage sys- 
tem, which has been described,® used 
the following chromatographic col- 
umns: 


First stage—four feet of partition 
column using a glycerol substrate 
and six feet of partition columns 
using polyethylene glycol 400 sub- 
strate. 
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LEGEND 
NO. COMPOUND 


1 AIR 
2. n-HEXANE 

3 1SO-OCTANE 

4 ACETALDEHYDE 
5 ETHYLENE OXIDE 
6  METHYLAL 

7 PROPYLENE OXIDE 

8 n-OCTANE 

9  PROPIONALDEHYDE 
101, DI- ME-OXYETHANE 
11 ACETONE 

12 ACROLEIN 

13. DI-ETH-OXYMETHANE 
14 BUTYRALDEHYDE 

15 METHANOL 

16 CROTONALDEHYDE 

17 BENZENE 

16 ETHANOL 

3-ME-2-BUTANONE 

n-DECANE 

2: 2, 3-BUTANEDIONE 

22 ME-ISO-BUTYL KETONE 
22 TOLUENE 

24  PROPANOL 

ISOVALERALDEHYDE 


HELIUM FLOW 8Oml./min. | 
TEMPERATURE, 70° C. 
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FIRST STAGE OF UNIT “B" 


St 48 45 42 39 36 
SECOND STAGE 


THIRD STAGE 
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EMERGENCE TIME, MINUTES 


Fig. 3. Separation characteristics of three-stage chromatographic unit. 


Second stage—five feet of partition 
column, polyethylene glycol 400 
substrate. 

Third stage—five feet of partition 
column, Dow-Corning 550 silicone 
oil substrate. 


5 The single-stage unit was fitted with a 
20-ft column prepared with a commer- 
cial plasticizer, Reoplex 400. 

The detectors shown in Fig. 2 are 
thermal conductivity cells using thermi- 
stor elements. The general design has 
been covered in other reports.”:® 

An outstanding feature of this multi- 
staged GLPC system is that any peak 
may be identified on four different 
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chromatograms. In complex samples 
such as may be recovered from exhaust 
gases, this is a substantial aid in identi- 
fying unknown compounds. 

Figure 3 illustrates separation char- 
acteristics of the three-stage unit, and 
Fig. 4 is a chromatogram of the same 
sample made with the single-stage 
analyzer. In most instances peak reso- 
lution is improved as the sample pro- 
gresses through the three stages, but 
sometimes peak shifting will cause pairs 
of compounds to overlap. The class 
separation between hydrocarbons and 
oxygenates is good for hydrocarbons 
boiling below n-octane, but hydrocar- 
bons with boiling points near that of 


n-decane can seriously interfere with 
the oxygenate peaks. Resolution is 
improved in the single-stage analyzer, 
but the compounds that can be handled 
are limited to materials of lower boiling 
range than those that can be satis- 
factorily handled in the three-stage unit. 
For example, using a column tempera- 
ture of 58°C, compounds admitted to 
the single-stage unit should have emer- 
gence times not appreciably greater than 
that of n-propanol, but the three-stage 
unit could be used for n-pentanol. 


Experimental Data 


The two fuels employed for these 
studies were ASTM grade iso-octane 
and a technical grade n-hexane of 
95+ mol percent purity. The n-hexane 
was percolated through silica gel to 
remove traces of aromatics. 

Exhaust gases produced during simu- 
lated cruise: Figure 5 shows single- 
staged chromatograms of exhaust gases 
sampled under cruise conditions. An 
ionization-type detector using argon 
for carrier gas was used for these deter- 
minations because the concentration of 
oxygenates was too low for satisfactory 
detection by thermal conductivity 
methods. Acetone, isobutyraldehyde, 
and acrolein were most prominent in 
these samples, but acetaldehyde and 
crotonaldehyde also were major com- 
ponents. 

Exhaust gases from a misfired engine: 
Figure 6 shows single-stage chromato- 
grams of exhaust gases from an engine 
caused to misfire on one cylinder. 
Acetaldehyde, acetone, and isobutyral- 
dehyde are common to the exhausts 
from the two fuels, n-hexane and iso- 
octane; acrolein, commonly a major 
constituent of the oxygenate class in 
exhaust gas, was not detected. The 
other compounds that were identified 
in these exhausts are commonly pro- 
duced by many fuels during other con- 
ditions of engine operation. 

Exhaust gases from a decelerating en- 
gine: Figure 7 gives single-stage chro- 
matograms of exhausts from a de- 
celerating engine. The total of oxy- 
genates is significantly larger than that 
produced during either cruise or mis- 
fired operation. Qualitatively, these 
exhausts are generally similar to those 
from a misfired engine, but contain 
acrolein as a relatively large component 
that is usually present in exhausts from 
firing engines. 

Figure 7 illustrates the complexity of 
exhaust gas composition; because of 
this complexity, chromatograms from 
two or more columns (of different type) 
are almost essential to satisfactory 
identification of any of the components. 
Even with the most favorable separa- 
tions, it is highly possible that elutions 
indicated by single peaks may contain 
several compounds. 
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Table I—Composition of Exhaust Gas Oxygenates Expressed as Peak Area Percentage 


‘— n-Hexane 
is- Mis- 
Cruise firing Decel. Motored Cruise firing Decel. Motored 
Ethyl ether — 8.7 — 
ethylene oxide* 13.7 6.3 6.0 51.6 4.6 1.9 
pylene oxide* 
Mee 3.5 1.6 1.4 2.6 3.2 26.9 
4:2 10.3 3.8 10.5 1.6 
cetone* 
Tsobutyraldehyde* 13.9 2.9 2.7 2.0 25.2 38.4 15.0 27.8 
Acrolein* 15.4 5.0 5.1 10.9 _ 12.2 
Me-acrolein 
ethanol? 
n-Butyraldehyde* 16 3 18.4 18.2 7 6 8.8 
12 12.6 18.2 37.6 
ancret } 14.7 9.7 12.9 
Crotonaldehyde 21.6 13.6 24.0 
a-Ethyl butyraldehyde 
Unknowns (total) 11.8 18.4 6.7 5.6 31.4 1.9 44.6 2.0 
@ Positively identified and verified by GLPC. 
Exhaust yases from a motored engine: isopropanol, and 1,2-dimethoxyethane; exhaust gases may be made. Typical 


Figure 8 shows three-stage chromato- 
grams of an exhaust gas from a motored 
engine. A fraction from the third 
stage was recovered for reanalysis in 
the single-stage unit and the material 
included in this fraction was indicated 
on the third-stage chromatogram. The 
chromatogram from this reanalysis is 
shown in Fig. 9. 

Compounds determined by analysis 
in the three-stage chromatogram are 
not considered positively identified 
until verified by several reanalyses in 
the single-stage unit. In Fig. 9, the 
1,2-dimethoxyethane, isopropanol, eth- 
anol, and 3-pentanone are not identified, 
although the fraction presumably con- 
tained these materials. This may be 
due in part to the large benzene and 
3-methyl-2-butanone peaks having ob- 
scured peaks which represent ethanol, 


3-pentanone is not evident in Fig. 9. 
This indicates that the peaks labeled 
3-pentanone in Fig. 8 may be improperly 
identified. The compounds 4-methyl-2- 
pentanone, »-propanol, and _isovaler- 
aldehyde were on the original chromato- 
gram but were deleted from Fig. 9 
because the chromatogram was exces- 
sively large for reproduction. 


Quantitative Results 


Quantitative data from the chromato- 
grams obtained in the work reported 
are estimates only; errors may arise 
because of incomplete separation of 
materials and instability of some of 
the oxygenates. For example, in the 
presence of water the aldehydes are 
susceptible to partial reduction to the 
corresponding alcohol. Nevertheless, 
useful estimates of the oxygenates in 


Table llI—Comparison of Total Oxygenates Produced Under Various Engine 
Operating Conditions 


Expressed as parts of oxygenated material per million parts of exhaust gas—weight basis 


Fuel: n-Hexane 
Est. Ppm in 
Engine Operating Condition Exhaust Gases 

40 mph cruise 65.1 
40 mph cruise with one spark plug wire removed 1,712. 
Deceleration 3,800. 
Motored 54,200. 

Fuel: Isooctane 
40 mph cruise 45. 
40 pe cruise with one spark plug wire removed 132.7 
Deceleration 984. 
Motored 17,750 


data from a single-stage chromato- 
graph areshownin TableI. Aldehydes, 
epoxides, ketones, and alcohols are the 
principal class constituents within which 
acetaldehydes and ethylene oxide are 
predominant. These materials are not 
readily separated, but later GLPC 
analyses have shown that the mixture 
is at least 90% acetaldehyde under 
conditions studied. For convenience, 
quantitative data for all unidentified 
peaks were grouped under “unknown.” 

Data on oxygenates produced under 
four different engine conditions, and 
using two fuels during each condition, 
are shown in Table II. Engine op- 
erating condition has a marked effect 
on total oxygenates; the exhaust from 
a motored engine is relatively rich in 
oxygenates, while the exhaust from an 
engine simulating cruise is virtually 
free of these materials. 


Limitations of Analytical Techniques 


Formaldehyde is accepted as one of 
the more abundant oxygenates found 
in exhaust gases, but it is difficult to 
resolve it chromatographically as a 
monomer since formaldehyde gas poly- 
merizes rapidly at temperatures below 
100°C. There is some evidence that it 
can be separated as a low molecular 
weight polymer, but the conditions and 
techniques for the separation are not 
well defined. 

Some efforts were made to reduce 
formaldehyde to methanol, and chro- 
matographically analyze for the alcohol. 
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Fig. 4. Separation characteristics of chromatographic unit. 
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Fig. 5. Chromatograms of exhaust products of engine operating under cruise conditions. 


However, the degree of conversion was 
not adequate and the reducing agent 
appeared to affect other oxygenates in 
the exhaust sample. Thus, the tech- 
nique used for this work did not provide 
for the determination of formaldehyde. 

Fatty acids, especially those of lower 
molecular weight, react with the 
hydroxyl (OH) groups of the poly- 
glycol substrates used for column 
packings. Therefore, the method of 
analysis was not applicable to the fatty 
acids. Analyses for these acids were not 
attempted in the work reported because 
it was not expected that they were an 
important constituent of the exhausts. 
However, these are tentative assump- 
tions and may be in error. 


Closure 


Both mode of engine operation and 
chemical composition of the fuel influ- 
ence the emissions of exhaust gases. 
Influence is both qualitative and quanti- 
tative. 

More than 30 oxygenates in the 
molecular weight range of ethylene 
oxide through pentanol have been found 
in automobile exhaust gases: 14 have 
been identified positively, and tenta- 
tive identifications have been estab- 
lished for another 18. 

Low concentrations of oxygenates 
are present in exhausts produced during 
automotive engine cruise and accelera- 
tion operations when ignition is consist- 
ently good. However, ignition mal- 
functions will significantly raise emis- 
sions of oxygenates; and, during periods 
of deceleration or motored operation, 
the amount of oxygenates may approach 
the quantity of hydrocarbons in the 
exhaust gases. 
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Fig. 8. Chromatograms of exhaust products of a motored engine. 
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Fig. 9. Reanalysis ot fraction recovered from three-stage unit. 


SCIENTISTS, PHYSICIAN , 
NEWSPAPERMAN MERITED 
1959 CLEAN AIR AWARDS 


Three scientists, a physician, and a 
retired newspaperman have won the 
1959 annual Clean Air Awards for out- 
standing achievement in air pollution 
abatement announced William H. T. 
Holden, Chairman of the Clean Air 
Awards Committee. 

Those named are Dr. Alexander 
Goetz, California Institute of Technol- 
ogy, Pasadena; Dr. John T. Middleton, 
University of California at Riverside; 
Dr. Steven Nicksic, California Research 
Corporation; and Magner White, re- 
tired news reporter. 

They were honored at a Los Angeles 
Chamber of Commerce luncheon where 
they were presented awards in the form 
of plaques. 

The annual presentation was inaugu- 
rated three years ago, by the Los 
Angeles County Board of Supervisors 
to stimulate voluntary efforts by in- 
dividuals and industry to help control 
smog. Selection of winners is made by 
an independent committee. 

Dr. Alexander Goetz was recognized 
for developing instruments to detect 
air pollutants. His method was labeled 
“of major importance in the control of 
air pollution in the Los Angeles Basin.” 


Pioneering Rewarded 


Dr. John T. Middleton was named 
for pioneering in establishing the con- 
nection between air pollution and plant 
damage. Dr. Middleton was the first 
to publish a comprehensive description 
of the effect of air pollution on vegeta- 
tion in the Los Angeles area. 

Dr. Hurley Motley was selected for 
work in determining the effect of smog 
on breathing. 

Dr. Steven Nicksic was honored for 
development of an analyzing instru- 
ment, which gives rapid measure of 
olefins in exhaust gases and reaction 
chamber materials. 

Magner White was recognized for 
diligent research and outstanding re- 
porting over a period of years on the 
smog problem in Los Angeles County. 

Harold Wright, Manager of the Los 
Angeles Chamber of Commerce, will 
host the luncheon and Air Pollution 
Control Officer Smith Griswold will 
introduce the award winners. 

The awards committee includes: Dr. 
Madeleine Fallon, Los Angeles County 
Medical Association; Harry Faull, 
Pomona City Councilman; Neal A. 
Richardson, UCLA School of Engineer- 
ing; Ed Stout, representing civic clubs; 
Jerry Kraus, Pasadena Realty Board; 
Dr. Frank Lockheart, USC School of 
Engineering; and Dr. Jack McKee, 
California Institute of Technology. 
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= 1954 through 1956, three 
statewide surveys were conducted to 
assess the extent and seriousness of air 
pollution in New York State. The 
surveys were made independently by 
separate agencies using different tech- 
niques, but their independent and com- 
posite conclusion was: air pollution is a 
widespread complaint in New York 
State communities of all sizes, and its 
abatement and control receive too little 
attention. 

Largely based on this finding, the 
New York State Air Pollution Control 
Act! was passed in 1957. The Air 
Pollution Control Board, created within 
the Department of Health, was given 
broad powers and duties to achieve and 
maintain reasonable air cleanliness 
throughout the state. Rule-making 
and enforcement authority were de- 
ferred by law until July 1, 1959, but 
investigations to determine types, ex- 
tent and seriousness of air contamina- 
tion were authorized effective July 1, 
1957. 


Area Survey Plan Adopted 


In their review of existing knowledge,? 
the board noted that few communities, 
despite recognition of local contamina- 
tion, had undertaken objective studies 
to assess the nature and extent of their 
problems. Subjectively, certain sources 
and contaminants were obvious, but 
virtually no effort had been made to 
identify all contributors and _ their 
emissions, 

The Air Pollution Control Act recog- 
nizes air as a natural resource and 
acknowledges its reasonable use ac- 
cording to rules and regulations which 
are scientifically based on cause and 
effect. Under the law, the board must 
“give due recognition to the fact that 
the quantity or characteristics of air 
contaminants or the duration of their 
presence in the atmosphere, which may 


* Presented at the 53rd Annual Meeting 
of APCA, Netherland-Hilton Hotel, May 
22-26, 1960, Cincinnati, Ohio. 
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cause air pollution in one area of the 
state, may cause less air pollution or not 
cause any air pollution in another area 
of the state...” 

This provision precludes the adoption 
of arbitrary statewide air quality stand- 
ards. Comprehensive, detailed surveys 
are necessary prerequisites to the adop- 
tion of local or regional rules and regula- 
tions. 


Correction Facilitated 


When the cause, behavior and effect 
of an area’s air pollution are well- 
defined, correction—although never 
simple—is facilitated. St. Louis and 
Pittsburgh, for example, solved a major 
portion of their problem by controlling 
the use of a single type of fuel. Other 
communities, which failed to define 
their problem, discovered that extensive 
and costly measures did little to alle- 
viate conditions. 

The board adopted a plan to deter- 
mine sources, vectors and receptors of 
air pollution in all areas of the state by 
comprehensive area surveys.* Indi- 
vidual and collective consideration of 
such factors will help evaluate the total 
problem and enable establishment of 
control activities, if needed, on intelli- 
gent, sound bases. 

Enormity of the undertaking is ob- 
vious when one considers that, scattered 
throughout New York State’s 50,000 
square miles, there are about 1000 cities, 
towns and villages with population of 
1000 or more. Previous surveys show 
that about one-half of the 447 com- 
munities reported in the three state- 
wide surveys have air pollution prob- 
lems they want corrected. 

Gross assessment of the relative 
prevalence and importance of air pol- 
lution in various sections was needed. 
Therefore, the board divided the state 
into nine study areas for administration 
and coordination of survey work.? 
Based on knowledge of existing or po- 
tential problems, a priority schedule 
was adopted for future activity. 


U. S. Public Health Service, New York, N. Y. 


Information Gathered During 
Surveys 


Staff and budget limitations necessi- 
tate that area surveys be based largely 
on available, readily obtainable infor- 
mation; at the same time, since im- 
portant decisions will be based on the 
findings, surveys must be as complete 
and accurate as possible. 

Each survey includes the following 
aspects: 


1 A historical review of popula- 
tion, industry, agriculture, and 
transportation trends in the area. 

2 An emission inventory in which 
contaminants are classified by 
type, amount, source category, 
and community of origin. 

8 Analysis of meteorological data. 

4 Consideration of topographical 
features. 

§ Computation of probable atmos- 
pheric contaminant. concentra- 
tions under various meteorolog- 
ical conditions and comparison 
of calculated values with sam- 
pling data, if any are available. 

6 Review of complaint files and 
field observations and interviews 
to determine air pollution effects. 

7 Assessing the existence and effec- 
tiveness of local ordinances and 
enforcement programs. 

8 Preparing conclusions and rec- 
ommendations based on the 
gathered information. 


Ultimately, rules and _ regulations 
needed for the particular survey area 
will be based on these findings. 


Emission Inventories 


An air contaminant is defined in the 
Air Pollution Control Act as “a dust, 
fume, gas, mist, odor, smoke, vapor, 
pollen or any combination thereof.” 
No distinction is made between man- 
made and natural contaminants. 

Source inventories include data on all 
known contaminants, except carbon 
monoxide, carbon dioxide, and water 
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vapor, created by human activity. 
Although these three substances are the 
most common products resulting from 
fuel combustion, they were not con- 
sidered important as community air 
contaminants in source inventories. 
Sometimes carbon dioxide and water 
vapor can become troublesome, but 
both are present in “‘natural’’ air and are 
essential for plant and animal life. 
Carbon monoxide, which ultimately is 
converted to carbon dioxide in the at- 
mosphere, is a deadly gas under certain 
conditions; therefore, its importance in 
congested city traffic should not be 
minimized. 

Dust from eroded land, gases from 
landfill operations and swamps, and 
other materials whose relation to human 
activities is indirect, also are excluded 
as inventory data because of extreme 
difficulty in evaluating them quanti- 
tatively. 

Of those contaminants which occur 


naturally, only ragweed pollen is con- 


sidered in surveys, and this is usually 
linited to estimating ragweed-producing 
acreage and gathering available sam- 
piing data. 

While smoke and odors are the most 
obvious of all air pollutants, they are 
not determined quantitatively. For 
completeness, however, the number and 
subjective descriptions of observed 
smoke and odor sources, if available, are 
included in inventories. 

Contaminants are classified as aero- 
sols and gases, with gases being grouped 
into the compounds of sulfur, nitrogen, 
the halogens, and organics. 

In the original program plan, air 
contaminant source groups were cate- 
gorized as follows. 


1 Industrial: establishments in 
which the primary activity is 
processing, refining, smelting or 
manufacturing of materials or 
products, rather than sales or 
services. 

2 Commercial: hotels, laundries, 
theaters, bakeries, garages, serv- 
ice stations, stores, and other 
privately owned business and 
mercantile firms that engage 
mainly in sales and services. 

3 Public: local, state, and federal 
government installations such as 
public housing, governmental 
office buildings, post offices, 
maintenance garages for public 
vehicles, municipal incinerators 
and dumps, schools, hospitals 
and similar institutions, utilities 
and municipal transport facil- 


ities. 
4 Private: domestic heating 
plants, apartment-house and 


backyard incinerators, trash and 
leaf burning and automobile ex- 
hausts. 
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A pilot study demonstrated the diffi- 
culty of subdividing data into these four 
categories, and the program plan later 
was revised to include only two broad 
source categories. 


1 Industrial: factories and indus- 
trial plants, as defined by the 
New York State Labor Law,‘ 
and electric power generating 
plants (which are excluded from 
that law). 

2 Nonindustrial, which includes 
all other sources. 


Field Methodology 


The Air Pollution Act specifies that 
“technical, scientific, legal or other 
services shall be performed, insofar as 
practicable, by personnel of the de- 
partments of health, agriculture and 
markets, commerce, conservation, labor 
and other departments or agencies of 
the state, without additional com- 
pensation.””’ When personnel not avail- 
able within state agencies are required, 
employment of additional personnel, 
including consultants, is authorized. 
The executive secretary of the board 
arranges integration into the program 
of personnel who are engaged in this 
activity. 

Primarily, field work is the responsi- 
bility of the State Health and Labor de- 
partments, but the Commerce, Conser- 
vation and Agriculture and Markets de- 
partments provide services such as com- 
piling pertinent statistical data on auto- 
mobile registrations, motor vehicle fuel 
consumption, population, employment, 
forest and farm acreage, herbicide and 
insecticide use, and similar tabulations. 

For convenience, sources are divided 
into two main classes: specific and mul- 
tiple. 

Specific sources are surveyed indi- 
vidually and include industrial plants, 
municipal refuse-disposal facilities, util- 
ities, urban transport agencies and larger 
commercial establishments. 

Multiple sources are so numerous 
that for practical purposes data are 
obtained from gross statistics on such 
places as residences, private incinerators 
motor vehicles, and many others. 
Their individual small emissions in 
aggregate contribute significantly to 
community air contamination. 

About one month before field work is 
undertaken, emission inventory forms 
are mailed with covering letters to in- 
dustrial plants in the survey area. 
Since registration of all factories and 
mercantile establishments is required by 
the Labor Law, the use of Department 
of Labor listings virtually assures com- 
plete coverage of all industrial establish- 
ments. Objectives of the survey are 
explained in the letter, and management 
is asked to supply air contaminant emis- 
sion data or information on which emis- 
sion estimates can be based. 


When the returned replies are com- 
plete and data appear to check with in- 
formation available to official agencies, 
plant visits are not carried out. If re- 
turned forms are incomplete or appear 
to be inaccurate, or if questionnaires are 
not returned, survey team personnel 
visit the plants to obtain the desired 
data. 

In addition to process effluents, other 
industrial activities which emit con- 
taminants, such as scrap burning, sal- 
vage operations, and heat and power 
producing facilities, are included in each 
plant survey. 

Source sampling, however desirable, 
is precluded for the present by limited 
resources. Conferences with manage- 
ment, plant tours, materials balances, 
production records and test results, 
supplemented by team personnel ex- 
perience and knowledge, are helpful in 
estimating emissions. When informa- 
tion is not otherwise available, estimates 
are based on published technical data; 
hundreds of papers were reviewed and 
emissions associated with a wide variety 
of industrial processes have been tab- 
ulated.* 

Data from large nonindustrial sources 
are obtained through field visits and 
individual interviews with appropriate 
officials. Fuel dealers, solvent sup- 
pliers, and bulk fuel distributors supply 
information on their sales; purchasing 
records of schools, hospitals, and similar 
institutions are checked for types and 
amounts of fuel consumed, and institu- 
tional officials provide knowledge on 
their refuse-disposal practices. Dumps 
and incinerators are visited, and the 
composition and amounts of refuse 
burned are obtained from inspections, 
weigh records, truck counts and average 
capacities, and interviews with super- 
visors; information on backyard in- 
cineration, leaf burning, and similar 
air-polluting practices are obtained 
from municipal officials. 


Estimating Emissions 


Although obtaining reasonably ac- 
curate field data on fuel consumption. 
incineration of wastes and processing of 
materials can become quite complex, it 
is a relatively simple procedure in com- 
parison to determining air contamina- 
tion resulting from such activities. 

Obviously, it would be impossible for 
the board to undertake the extensive 
research required to determine con- 
taminant types and amounts emitted 
from the wide variety of sources en- 
countered in a survey. Therefore, 
emission estimates must be based on 
published findings of various investi- 
gators who conducted studies on similar 
installations. 

Except for industrial process emis- 
sions, almost complete reliance is placed 
on data reported by the Los Angeles 
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County Air Pollution Contro] District, 
Stanford Research Institute, Western 
Oil and Gas Association, and others in, 
the California area. Considerable judg- 
ment must be and is used in employing 
these data when estimating types and 
quantities of contaminant resulting from 
individual processes. Certain published 
values are used directly; adjustments 
are made in others, particularly when 
combustion materials encountered in a 
survey vary markedly from those burned 
in research studies. At times, reliable 
estimates may be obtained by con- 
sidering the composition of fuels and 
theoretical combustion reactions. Hy- 
drocarbon-evaporation values are re- 
duced, in accordance with relative vapor 
pressures, to take into consideration the 
existing temperature differences be- 
tween New York and California. In 
estimating the amount of emissions to 
the atmosphere, effectiveness of any 
installed control device is considered. 
Estimates thus obtained in this man- 
ner are believed reliable, but there is 
a pressing need for a more complete 
compendium of knowledge on emissions 
from various processes and activities. 


Meteorology 


A meteorological station is used in an 
area survey only when there are no avail- 
able weather records for the vicinity. 
Usually, existing meteorological data 
and topographical information are suf- 
ficient to determine important influences 
on the local air pollution complex. 
One source of meteorological informa- 
tion is the National Records Center of 
the U. S. Weather Bureau at Asheville, 
N.C. This records repository, in many 
instances, can provide the basic meteor- 
ological data which are needed. 

Though recognized as beingsubjective, 
field observations of plume travel and 
dispersion, wind flow, fogs, visibility, 
and inversions are an invaluable sup- 
plement to tabulated meteorological 
data. These field observations can be 
used as guides in intelligently inter- 
preting data that have been obtained 
in other ways, such as from recording 
instruments and samplers. 


Estimating Atmospheric 
Contaminant Concentrations 


Concentrations of atmospheric con- 
taminants under various wind speeds 
and inversion heights are readily com- 
puted from the survey area size and 
seasonal emission data, providing as- 
sumptions are made of inversion dura- 
tion, wind speed and direction, homo- 
geneity of contaminant mixing in the 
atmosphere, and topographic features of 
the area. This mathematical approach 
can produce the best and most reason- 
able estimates in the absence of sampling 
data. If sampling is conducted in the 
area, the reliability of calculated values 
may be checked. 
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The factors of importance can be 
combined and reduced to the following 
convenient formula: 


0.8 Qt 
WH (L + St) 
where 
C = the expected concentration in 
mg/m? 
Q = pollutant emission rate in lbs/ 
month 
t = time of inversion persistence 
in hrs 
W = width of area, perpendicular 
to wind direction, in mi 
L = length of area, parallel to 
wind direction, in mi 
H = height inversion in ft 
S = wind speed in mph 
Effects 


Complaint files, interviews with resi- 
dents, and direct observations of the 
field staff disclose the effects of air 
contaminants in the survey area. 
Past studies are considered also. 
Weather and airline records are reviewed 
to detect frequency and duration of 
visibility reduction attributable to air 
pollution. Local allergists are con- 
tacted regarding pollinosis prevalence in 
the area. Health departments and 
hospitals often can provide information 
on other known or suspected health 
effects. County agricultura] agents are 
interviewed to obtain data on plant 
and animal damage they believe is re- 
lated to air pollution. 


Experiences With the Method 


The first survey undertaken under 
this plan was a pilot project in the 
Greater Elmira area. Field work was 
completed in five weeks in August and 
September of 1958 and a report has been 
prepared on this survey.® 

Thesurvey area, consisting of about 1/; 
of Chemung county, contained one city, 
five towns, three incorporated villages 
(one of which straddled two town lines). 
and a large unincorporated suburban 
and ruralarea. It was determined from 
previous knowledge and by a prelimi- 
nary field review that the selected survey 
area was likely to constitute a single air- 
pollution complex. 

Although Greater Elmira’s air pollu- 
tion is not so pressing or complex as 
that in other areas of the state, its selec- 
tion was based on two main factors: 


1 Several requests from local offi- 
cials in the area for assistance in 
controlling air pollution problems. 

2 Suitability of this moderate-size 

geographical district for testing 

survey procedures in a pilot proj- 
ect. The area had a limited but 
diversified economy and included 

a multiplicity of jurisdictions. 


Desirable changes could then be made 
in operational methods before proceed- 
ing to more populous and highly com- 
plex areas of the state. 

Summary data resulting from the 
survey are given in Table I. 

Sources emitted some 5000 tons of air 
contaminants monthly during the heat- 
ing season; annually, some 40,000 tons 
are discharged. Two-thirds of the 
contaminants are gases and vapors, with 
the remainder made up of solid and 
liquid particulates. 

Emissions vary considerably with the 
seasons. While industrial processing 
is relatively constant, other activities 
increase or decrease markedly during 
the year. For example, the heating 
load is greatest in winter. Airborne 

dust from plowed fields and agricultura 
sprays increase in spring and summer. 
The ragweed pollen burden is greatest 
in late summer. Refuse production 
doubles in summer, and gasoline evapo- 
ration increases substantially. In 
autumn, leaf and brush burning are 
seasonal air contamination problems. 

Twenty-nine percent of Greater 
Elmira’s wintertime air contamination 
is from industrial plants, but on a year- 
round basis 40% of the contaminants 
are industrial in origin. 

Annually, private sources account for 
one-third of all emissions; in the heating 
season, however, two-fifths of the con- 
taminants come from private activities. 
In winter, private sources contribute 
the most contaminants in six of the nine 
survey area communities. 

Commercial sources account for 15% 
of wintertime emissions and 11% of the 
annual total. Public activities produce 
16% on both winter and annual bases, 
with increased summertime refuse in- 
cineration apparently equaling the 
winter heating load. 

This breakdown clearly shows that 
emissions from all sources combine to 
create the area’s air contamination. 
Abatement is a community responsi- 
bility—a revelation to community offi- 


Table I—Percentage of Air Contaminants Emitted by Source Categories 


—— Heating Season———. Annually 
Source Category Gaseous Solid Total Gaseous Solid Total 
Commercial 9 6 15 8 3 11 
Public 11 5 16 12 4 16 
Private 30 10 40 27 6 33 
Total Nonindustrial 50 21 71 47 13 60 
Industrial 
Grand Totals 65 35 100 67 33 100 
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cials and citizens who saw air pollution 
only as an industrial problem. Under 

the revised program plan, whereby 

sources are divided into only two cate- 

gories, it is interesting to note that 

industrial and nonindustrial emissions 

would be nearly equal. 

Suspended particulate values gathered 
in Elmira as part of the state air sam- 
pling network are the only data available 
for comparison with computed atmos- 
pherie contaminant concentrations. 
The computed “average maximum” 
particulate concentration is 199 mg/m* 
aud the average is 100. From August 1 
to October 24, 1958, Elmira samples 
varied from 29.8 to 175 mg/m‘, with a 
mean of 80.6. 

Visibility reduction, soiling, odors 
and solids deposition cause the most 
eommon air pollution complaints in 
Greater Elmira. Intercommunity pol- 
lutant travel is troublesome in portions 
of the area, but air pollution now is a 
n-ighborhood, rather than an areawide, 
problem. Population growth and in- 
dustrial expansion may create an air 
pollution problem in Greater Elmira be- 
c.use of its bow]l-shaped topography and 
occasional temperature inversions. 

Rules and regulations for the Greater 
Elmira area, based on findings of the 
survey, now are under consideration by 
the board. 

The initial portion of the Niagara 
Frontier survey, the first under the 
board’s priority schedule, is almost com- 
pleted in Erie county. This border area 
is larger, more populous and highly 
industrialized, and generally more com- 
plex than the Elmira area. 

The field work was begun in February, 
1959, and will be finished in the spring 
of 1960. The complexity of this survey 
is illustrated by the large number of 
industria] sources in the area, between 
6000 and 7000, some of which are com- 
plex within themselves. Included are 


steel making and allied or satellite 
plants, refineries, chemical plants, and a 
wide assortment of light and heavy 
industry. Associated with this ex- 
tensive industrial concentration are the 


problems that are present because of the 
large population in this area. 

As there is a common border with 
Canada, there are international air 
pollution aspects. In 1959, the Ontario 
Provincial Health Department con- 
ducted in a portion of Ontario Province 
a survey similar to the one in Erie 
County. The field work has been 
virtually completed. The New York 
State inventory program plan* has been 
used as a guide in carrying out this 
activity. 


Public Information 


Pre-survey press, radio, and television 
publicity is issued, and conferences with 
community and industrial officials are 
conducted to discuss the purpose, ob- 
jectives and procedures of the study. A 
public information program keeps the 
public abreast of developments, and 
greatly facilitates field work. 

Co-operation by industry has been, 
with little exception, excellent. An 
impression of industrial co-operation 
can be obtained from the fact that the 
Niagara Frontier Process Industries’ 
Committee on Air Pollution, at a meet- 
ing with Air Pollution Control Board 
representatives, suggested changes in a 
survey questionnaire which not only 
facilitated data gathering from in- 
dustrial sources but provided more 
information than was originally sought. 
Such encouraging voluntary co-opera- 
tion is aiding significantly in complete- 
ness and accuracy of the surveys. 

Data are published in summary form 
only and in no case are individual 
statistics or source identities ever 
divulged. 

After a survey and prior to publication 
of areport,a summary of conclusions and 
recommendations is made public and is 
discussed and explained at a series of 
meetings with local officials, industrial 
representatives, and the general public. 


Summary 


Under the New York State Air Pollu- 
tion Control Board’s program, compre- 
hensive area surveys will be made in all 


Nov. 24-26 


CALENDAR 


National Congress for the Prevention of Atmospheric Pol- 


lution, 62 Rue de Courcelles, Paris, France. 


Nov. 28-Dec. 9 


Dec. 3 


Air Pollution Course, New York University Post-Graduate 
Medical School, Institute of Industrial Medicine, .New 
York, New York. 


6th Industrial Hygiene and Air Pollution Conference, The 


University of Texas, Austin, Texas. 


Dec. 4-7 


Annual Meeting, American Institute of Chemical Engineers, 


Hotel Statler, Washington, D. C. 


June 11-15, 1961 


54th Annual Meeting of APCA, Hotel Commodore, 


New York, New York. 
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sections of the state to evaluate existing 
or potential air pollution problems. 
Necessary local or regional rules and 
regulations, as deemed appropriate, are 
based on the findings. 

Source sampling usually is not under- 
taken but emission estimates are ob- 
tained from fuel and gasoline consump- 
tion, refuse incineration, industrial proc- 
essing, and other sources. Estimates 
are based on emission values reported 
for similar operations and activities in 
published technica] literature. Con- 
taminants are classified by type, 
amount, source category, and com- 
munity of origin. 

Existing meteorological records and 
topographical information are analyzed 
to ascertain important influences on each 
area’s air pollution. Effects are deter- 
mined from past studies, field observa- 
tions, citizen interviews, and opinions of 
qualified personnel. Local ordinances 
and enforcement are reviewed to ap- 
praise effectiveness of local control pro- 
grams. 

In the Greater Elmira pilot study, 
computations of contaminant concen- 
trations agreed favorably with available 
sampling results. 

Public information is an integral part 
of the program. Publicity before, dur- 
ing, and following surveys apprises 
citizens of the purpose, progress, and 
findings. Industries, community offi- 
cials, and the general public are co- 
operating in the surveys. 
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400 FRENCH TOWNSMEN 
PREPARED TO FIGHT GAS 


Everyone carries a gas mask in 
Arance, France. Arance is nestled 
within 200 meters of a plant treating 
natural gas from the Lacq field. The 
gas contains highly poisonous hydrogen 
sulfide. A few months ago a flame sud- 
denly went out at the treatment plant 
and 100 workers had to flee. To avoid 
trouble in the village, the civil defense 
organization ordered the 400 residents 
to carry gas masks at all times. Three 
blasts of an air raid siren is the signal 
to don the masks. ss 
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The DESIGN and PERFORMANCE of the 
Aerosol SPECTROMETER” 


ALEXANDER GOETZ, Ph.D., Assoc. Professor of Physics, California Institute of Technology, Pasadena, Callit,, 
HEBER J. R. STEVENSON, Research Fellow at California Institute of Technology, Pasadena, Calif., U. S. Public Health Service, 
Air Pollution Engineering Research, and OTHMAR PREINING, Pph.D., Int. U. S. Public Health Service Research Fellow ct 
California Institute of Technology, Pasadena Calif., University of Vienna, Austria 


Introduction 
General Purpose 


The knowledge of the true con- 
stitution and the reaction kinetics of 
aerosols has been severely limited by the 
lack of a method of precipitating out of 
the air-borne state all particles in the 
diameter range (5u > d > 0.01 ») and 
separating them according to their 
size (or mass), while least interfering 
with the physical and chemical proper- 
ties of the particle prior to its separation 
from the suspending air. 

All filtration and impingement proc- 
esses expose the surface of the par- 
ticle prior to and after its retention to 
the shearing action of the passing air 
stream. It can be assumed that this 
shear must disturb seriously the dy- 
namic equilibrium of loosely sorbed or 
condensed components on the par- 
ticle surface (probably most effective 
in irritation) whenever they are pres- 
ent. 

Of no lesser importance appears a 
reliable size-classification, since micro- 
analytic information about the con- 
stituents of unclassified precipitates can 
be seriously misleading; e.g., the pres- 
ence of a few 1-2 y-particles can obscure 
the true nature of thousands in the 
0.1 y-class due to the cubic relation 
between particle-mass and -diameter.t 


* Presented at the 52nd Annual Meet- 
ing of APCA, Statler Hotel, June 21-26, 
1959, Los Angeles, Calif. 

{t The small size fraction would have 
an at least 10 times larger surface avail- 
able for catalytic and/or sorptive interac- 
tion with the molecular components of the 
—t gas—but also a 10-fold larger 
mobility due to the Brownian movement. 
Hence the same quantity of an irritating 
substance occurring either as one 1 u- 
eee or as 1000 units of 0.1 « diameter 

comes in the latter case about 10‘ times 
more available to a physiologically sensi- 
tive surface, such as is involved in eye 
irritation. 
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The basic purpose is thus to devise 
a method and realize it with a prac- 
ticable instrument, which meets these 
conditions sufficiently well to render 
the study of the constitution and the 
stability of natural and _ synthetic 
aerosol systems in the sub-micron range 
possible. 


Operating Principle 


The solution of the problem is based 
on the application of high centrifugal 
acceleration to a continuous laminar 
flow of the aerosol under conditions 
which cause the fall-out of the particles 
to follow Stokes’ law! at a velocity rela- 
tive to the air flow so small that the 
surface shear is negligible. 

Such a process discriminates between 
suspending gas and particles of dif- 
ferent sizes not just by the specific 
gravity difference but by the “Stokes’ 
diameter” of each particle in the air- 
borne state. This “Stokes’ diameter’ 
may differ significantly from its geo- 
metrical dimensions or its light scatter- 
ing (Mie, Tyndall) diameter, but it 
appears to be by far the most realistic 
dimensional definition of a particle, 
because it determines its kinetic 
properties while air-borne, hence its 
behaviour in the respiratory tracts, at 
the eye surface etc. 

The practical realization of this. 
principle meets with seriously con- 
flicting requirements: 

The flow speed through e.g., a helical 
or spiral-shaped channel has to be at a 
low Reynolds’ number (R* > 800) to 
maintain laminar flow conditions. On 
the other hand, for the extremely small 
particle masses (10-!2-10-% gr) the 
centrifugal acceleration, if caused by 
the flow speed through the helix, should 
be very large, in order to produce a 
radial velocity component sufficient 
for the particle to reach the outer wall 
of the helix within the time of its 
presence in the channel. 


Moreover, the laminar flow condition 
necessitates the existence of a boundary 
layer at rest on the channel walls; 
hence a particle, after entering this 
layer, will no longer be subject to cen- 
trifugal force and it will lose its velocity 
in radial direction, if its momentum 
(i.e., mass) is small. Consequently 
very small particles may never reach 
the wall, because they cannot penetrate 
the boundary layer. 

This dilemma can be overcome by 
moving the wall with the fluid, i.e., 
by spinning the helix (or spiral) around 
its axis of symmetry. Then the flow 
speed within the channel is independent 
of the spin velocity, hence the latter 
can be very large to produce the re- 
quired centrifugal fields which extend 
into the boundary layers, while the 
former can be as small as required for 
preserving laminar flow. 

The basic element of such an in- 
strument is thus a cylindrical or con- 
ical rotor, the periphery of which forms 
a helical groove covered by a flexible 
foil. The latter seals the groove to an 
air-tight channel, after operation it is 
removed from the rotor for the in- 
vestigation of the particle deposit there- 
on. 
If the time of residence in the channel 
is sufficient for all suspended particles 
to reach the outer wall, i.e., the inner 
foil surface, the deposit thereon rep- 
resents a complete “size-spectrum” 
of the aerosol tested, effected by the 
difference of radial velocity between the 
large and the small particles: the 
former are all deposited near the en- 
trance, the latter toward the end of the 
channel. 

The locus of the deposit of each size 
class is thus determined by the geom- 
etry of the channel, the flow rate, and 
the angular velocity of the cone, that 
is by factors independently control- 
lable, therefore the measurement of the 
deposit density along the channel yields 
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Fig. 1. Vertical cross section of aerosol spectrometer; (R) rotor cone, (C) rotor cup, (N) ring nut, 
locking, (C) to (R), (P) housing shell, (B) base, (M) lucite Plate, (M) motor driving tachometer (T) and shaft 
(S); (K, L), "frictionless" bearing assembly; (I) inlet, (O) exchange exchangeable orifices, (V) exit chan- 


nel, (W) outlet. 


the size (and mass) distribution of the 
aerosol tested, independent from its 
fate after deposition, because the locus 
of each particle was determined by its 
Stokes’ diameter, while still in the air- 
borne state. 

A considerable advantage of a spin- 
ning helix channel is its ‘“‘self-propelling 
action” upon the fluid filling it. The 
momentum imparted by the helix 
upon the gas causes it to flow along the 
channel (impeller action) in a sense 
determined by the direction of the helix 
and that of its spin. An auxiliary pump 
for moving the gas through the channel 
is thus unnecessary. 

The flow speed through the channel 
depends on the pitch of the helix and 
its spin velocity, however, it can be con- 
trolled independently by inserting a 
flow restriction at the channel exit. 

The performance of such a device 
is obviously determined by the geom- 
etry of the rotor: For a cylinder! 
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the centrifugal acceleration is the same 
along the entire channel; this causes 
an unfavorable ‘dispersion’ of the 
particle sizes, since the deposit of the 
smallest fraction will cover a much 
wider range on the channel wall (at 
iesser surface concentration) than that 
of the larger fraction. If the rotor 
represents a cone? (the channel thus a 
conical helix of constant pitch and cross 
section) the centrifugal force increases 
along the channel due to the increasing 
radius of the cone. Hence the small 
particles will be subjected to a larger 
force than the large particles in case 
the flow enters on the tip and leaves at 
the bottom of the cone. This causes 
a more favorable dispersion for the small 
sizes. 


Construction and Operation of the 
Aerosol Spectrometer 
Design and Dimensions 

For this reason a conical rotor type 


was chosen for the first commercially** 
available aerosol spectrometer. Its 
design follows in principle an experi- 
mental model previously described,? 
it is, however, more compact and able to 
separate quantitatively in the 10~-* cm- 
range of particle diameters. 

The instrument consists of two 
separate units, one is the centrifuge, 
shown in Fig. 1 as vertical cut, the other 
a chassis with the controls, connected 
with the instrument by cable. Figure 2 
is a photograph of the aerosol spec- 
trometer and its components. 

The conical rotor (R), in Fig. 1, 
is made from alloyed aluminum, its 
outer surface forms 2/2 turns of a 
double-helix and represents three of the 
four walls of two independent, identical 
channels of uniform (parallelogram) 
cross section. The channels are sealed 
by an exactly fitting conical cup (C). 
Its interior surface is lined with an ex- 
changeable foil, which forms the outer 
wall of the channels where upon the par- 
ticles are deposited. (C) is forced air- 
tight against (R) by the ringnut (NV), 

The electric motor (/), mounted in 
the base (B), supports and drives the 
rotor by the shaft (S), also the armature 
(T) of an electric tachometer. 

At the upper end the rotor is guided 
by the air-lubricated ‘“‘frictionless”’ 
bearing assembly, consisting of the con- 
stituent parts (7, K, L, U). 

The entire rotor assembly is contained 
in a heavy, removable shell (P), which 
is sealed on top by a lucite window (Q) 
for stroboscopic observation of the 
bearing (K), in order to check the speed 
of rotation, independent of the elec- 
tric tachometer. 

The chassis contains a variable auto- 
transformer unit for the speed regula- 
tion, volt- and ammeter (for checking 
the operating conditions of the motor), 
the tachometer, switch, and fuses (in 
the primary and the secondary circuit) ; 
it is connected by cable and plug with 
the power supply. 

The characteristic dimensions of the 
instrument are shown in Table I 


Operational Detail 


As previously stated, the rotor func- 
tions not only as centrifugal separator 
but also as an impeller for the air 
through its channels. This combined 
action causes flow characteristics signif- 
icant for the operation of the instru- 
ment. Figure 3 is a schematic re- 
presentation of the basic components 
(analogous to Fig. 1) of the centrifuge 
for the illustration of the following dis- 
cussion. 

The impeller action of the helix 
channels is in downward direction since 
the rotation of the rotor is anti-clock- 
wise and the helix represents a “right- 
hand” screw. This causes the induc- 


** Micronetics Corp., 158 North Kin- 
neloa Ave., Pasadena 8, Calif. 
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Courtesy: Instrument Development & Mfg. Co., Pasadena, Calif. 


Fig. 2. View of the aerosol spectrometer, partly disassembled. Component parts (from left): 
chassis, cup, housing shell, bearing, motor-rotor assembly, foils (one showing aerosol spectrum). 


tion of air through the ports (P) at 
the upper end of the inner wall of each 
channel and its propulsion along the 
helix channels which terminate in the 
solid ring-shaped base (EZ) of the rotor 
(R). Here the cross section of the chan- 
nels is restricted by exchangable ori- 
fices (0) which control the flow rate 
through each channel independently. 
The rotor acts thus not only as a cen- 
trifugal separator, but also as an im- 
peller. 

In order to minimize the disturbance 
of the aerosol, when entering into (R) 
through (P), the air flow is fed through 
the stationary intake tube (J) into the 
tubular upper end of the rotor by ports 
at the bottom of (J), which meet ac- 
curately with the two inlet ports (P).tt 

The outer diameter of (I) is only 
slightly (cir. 0.02 in.) smaller than the 
inner diameter of the tubular top of 
(R). Since (J) is closed at the bottom 
and carries vertical vanes within its 
ports no turbulence is transferred onto 
the air flow through (J), prior to its 
transfer through (P). The horizontal 
penetration profiles of (P) through the 
inner channel wall are such as to min- 
imize particle separation by impinge- 
ment at the channel entry. 

The air flow leaves the rotor through 
the orifices into the stationary ring 
channel (@) which leads to the outlet 
tube (F). 

The purpose of these precautions is 
the maintenance of an undisturbed 
laminar flow of the air during its ex- 
posure to the centrifugal field. Ex- 
perimental evidence indicates this to be 
attained (c.f.). 


Independently, the outer surface 


tt The reason for meeting three ports 
on (J) with two ports on (2) is to avoid an 
acoustically objectionable siren effect. 
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of the rotor cup causes, however, a 
strong vortex of the air within the hous- 
ing (0) and thus a dynamic pressure 
gradient in radial direction: If 2 tubes 
(T1, T2) are applied to (0), (Fig. 3), 
(T1) indicates a reduced, (72) a pro- 
portionally increased pressure, i.e., the 
outer surface of the rotor acts like a 
pump, maintaining a dynamic pressure 
difference between top and bottom of 
the rotor. 

This action causes two effects: The 
reduced pressure at the narrow end 
of the rotor causes a fraction of the air 
sample entering through (J) to be sucked 
through the narrow passages between 
(1)-(B), and (B)-(C), if the top of the 
housing forms a hermetic seal. If the 
same were true at its base, this flow 
through (/)-(B)-(C) should cease al- 
most entirely when the pressure balance 
between bottom and top is reached. 
However, the space (0) communicates 
with the outside by the gap (@)-(Z) and 
the exit tube (F), as well as with the 
motor. 

In other words, the action of the con- 
ical rotor is equivalent to two parallel 
air impellers of different pumping ca- 
pacity with common in- and outlets: 
one promotes the flow through the chan- 
nels controlled by the orifices therein, 
while the other by-passes the cone and 
is limited by the narrow space between 
the internal surfaces (@)-(£). Although 
this by-pass does not affect at all the 
particle separation and their size clas- 
sification in the channel, it can cause 
significant errors in the indication of the 
flow rate, for they can be larger than the 
flow through the channels, it also can 
contribute air to the outflow at (F) 
which has not passed through the chan- 
nels, 

This situation can be corrected quite 
simply as follows: A series of small 


Vr 


Y; 


Fig. 3. Schematic cross section of the aerosol 
spectrometer (arrows indicate flow passages). 


holes (H) perforating the top housing 
near (J), with a flow resistance small 
compared to the gap (J)-(B), prevents 
the flow therethrough, so that the in- 
flow at (J) represents truly the channel 
flow and the outer flow into (0) is sup- 
plied through the holes (H). 

The flow balance in (@) can be es- 
tablished by inserting a valve into (F), as 
an adjustable flow barrier by which the 
outflow can be reduced to the inflow 
with suitable flowmeters (c.f.). In 
this case the dynamic pressure in (@) 
equals that in the space above (D), so 
that no flow from (0 into G) occurs. 
This can be assured by adjusting (F), 
so that the flow into (J) is slightly larger 
than the outflow at (F), for a small 
fraction of the channel flow passes from 
(G) into (0). One can also reduce the 


2 


fo 


76 8a 


Fig. 4. Schematic diagram of flow-meter-as- 
sembly with resistance compensation (1) rotary 
pump, (2, 3) flow shunts, (4, 6) valves for flow ad- 
justment, (5) buffer tanks, (7) flow gauges, (8) 
manometers, (9) connections with aerosol spec- 
trometer, (a) refers to the inflow, (b) to the 
outflow circuit. 
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Table | 


Motor: 


Brush-type, ac or de 135 V max, '/, HP, max speed 26,000 rpm = 433 rps 


Rotor: 


height: 2.63” (= 6.68 cm) 
half-angle of cone (a): 15° 

pitch (per full turn): 1.085” (= 2.76 cm) per turn 
turns (n): 2.5 (= 5x) 


Channels: 


number of helical channels (vy) 
horizontal diameters of inner wall at inlet ports 


outer wall at inlet ports (D’) 
inner wall at outlet ports (D's) 
outer wall at outlet ports (D2) 
width (vertical) of thread (w) 
width (vertical) of channel (6) 
depth (horizontal) of channel (c) 
cross section of channel: 

[A = bc cos (a)]: 

overall channel length from: 

in- to outlet (Zo): 

volume of each channel (V, = A Lo) 
limiting orifices (‘jets’), 

(one pair each) with bores: 


0.250” (= 0.635 em) 
0.10 sq. inch (= 0.650 cm?) 


15.9” (= 40.4 cm) 
1.59 cu. inch (= 26.3 em‘) 


0.02” (= 0.05 em) 
0.03” (= 0.075 em) 
0.04” (= 0.10 cm) 
0.06” (= 0.15 cm) 


Table | 


age 


1.27 
0.64 
0.43 
0.96 
0.48 
0.85 
0.64 
0.96 


o 


Fig. 5a,b. The relation between flow (F), angular velocity (N) and orifices(O). (a) right: FIN), (b) left: 


pressure build-up by vents such as 
(T:) at the bottom of the housing. 
This renders the pressure control in 
(F) less critical though still necessary. 


Determination of In- and Outflow 


The determination and adjustment of 
the flow (F) through the rotor is of 


‘major significance for the interpretation 


of the size spectrum. The propulsion 
of the air mass in the channels being due 
to the dynamic effect of the impeller 
action causes the flowrate to be quite 
sensitive to pressure differences between 
the in- and outlet of the instrument. 
Special precautions are thus necessary 
for determining (F), for most metering 
devices impose flow-restrictions on the 
system, henee their indications are not 
representative of the (true) (F')-values 
for unrestricted flow. It was thus neces- 
sary to devise an assembly which com- 
pensates the resistance of the flowmeters 
at the in- and outlet of the instrument. 

Figure 4 shows the schematic setup: 
A small rotary pump! activates a con- 
stant air flow, as indicated by the arrows. 
The air flow is “shunted’’ by a cross 
connection, the flow resistance of which 
is adjusted by the valve (3) if the cock 
(2) is closed. (2) is only open at the 
start of (1) to avoid pressure shocks in 
the system. Parallel with this “shunt” 
are two identical, mutually independent 
systems (“a’” and “b’’), passed by the 
flow in opposite direction. The valves 
(4a, b) permit the independent adjust- 
ment of the flow rates, the containers 
(5a, b) buffer the pulsations of (1), while 
the valves (6a, b), represent adjustable 
air “leaks.”” The flowmeters (7a, b) in- 
dicate (F) by the pressure difference 
across calibrated (identical) flow re- 
strictions with liquid ‘U-tube’ ma- 
nometers while the manometers (8a, b) 
indicate the pressure difference at 
(9a, b) relative to the atmospheric pres- 
sure. (9a) leads to the in!et, (9b) to 
the outlet of the instrument by tubes 
sufficiently wide to render their flow 
resistance negligible. 

Evidently, if the adjustment of the 
air flow is such that (8a, b) show no 
pressure difference, (7a, b) indicate the 
in- and outflow (Fi, Fo) for the complete 
absence of flow restrictions, i.e., the 
pump activates a system of “negative” 
resistances, which can be independently 
adjusted to balance the “positive” 
resistance of the metering etc. devices 
at the in- and outlets of the instrument. 

A compact metering unit of this 
design facilitates the adjustment of the 
outflow restriction (see 2b) for equaliz- 
ing (F;) and (Fo) under all operat- 
ing conditions. For many applications 
which do not require extreme accuracy, 
the adjustment of (Fy) can be accom- 
plished by the insertion of another set of 
calibrated limiting orifices into the ex- 
haust tube (F in fig. 3). The flow re- 


F/N = K(O sistance of each such orifice reduces (Fo) 
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Fig. 6. Photographic reproduction of typical foil deposits from latex aerosols of defined particle diam- 


eter (d), indicating the values of (Lg) corresponding to the variation of (O) and (d). 


to become equal (or slightly smaller) 
than (Fi) for a particular standard mode 
of instrument operation. Five different, 
exchangeable orifices are required for the 
combinations of (N) and (0) indicated in 
Table I and Fig. 7. 

Relation Between Operating Factors (F, 
Vr, N, oO, To) 

Important for the analysis of the 
performance of the instrument is the 
quantitative variation of the flow rate 
(F), the flow velocity (v,) through-, 
and the residence time (79) within a chan- 
nel with the velocity of the rotor (N) 
and the aperture of the orifices (0). 
The relation between (v,), (F), (70) is 
simply derived from the dimensional 
data, given above (2a). They result 
for: the flow velocity relative to the 
channel in: 

F-108 


v-(em/sec) = 12.9°F (1) 


(F = air flow in liter/min) 
the corresponding Reynolds’ Number in: 


R* = 3 = 5.660, =73-F (2) 
the time of residence in the channel in: 
3.15 
Pie ® 
and the time of residence of a particle 


in the channel prior to its deposition at the 
distance (L) from the channel entry in: 


ti(sec) = = 
(3a) 


(N) is related to the centrifugal ac- 
celeration [in terms of y-g, as mul- 
tiple of the gravity constant (g)] 
for the rotor diameter (D) as: 


2-2? 


y= (for D, 
inem; N,inrps) (4) 
so that each rotor velocity relates to a 


To(sec) = 


382 


minimal (~D,;) and a maximal (~D,’) 
value of (y-g), since: 


Yuin = 2°10-?-D,-N? = 
5.2-107?-N? 


ymax = = 
1.52-10-1-N2/ (4a) 


_ 2.94 
Ymin 

The variation of (F) with (N) has 
to be determined experimentally, it 
should be linear if the flow is caused by 
momentum transfer from the rotor, 
i.e., by an impeller action and if lam- 
inar conditions prevail. 

Figure 5a shows the variation of (F) 
with (N), as obtained with the described 
(2c) flowmeter assembly, for (Fi = 
Fo), over a wide range of (N), with four 
different orifice diameters (0 = 1.5, 
1.0, 0.75, 0.50 mm). 

The functions indicate a linear varia- 
tion within the error margin for each set 
of orifices. Hence: F = «-N, and since 
(x) varies also linearly with (0) (Fig. 
5b), it follows that: 


F =a:-o-N...and: 
o = = 2.75.10 (em?) (5) 


for F as lit/min; 0 as cm; N asrpm. 
For the relative flow velocity through 
the channels results thus (eq. 1): 
= 12.9-c-0-N = 
3.55-10-%0-N(em/sec) (6) 


and for the time of residence (eq. 3): 


10° (sec) (7) 
and (eq. 3a): 
tL = 2.48-10-2-7:-L = 
2.85-10!-L 
— (ee) (7a) 


These relations hold for both chan- 
nels independently, regardless of 


whether they carry identical or dif- 
ferent orificies. 

Noteworthy is the following relation 
if two different orifices (01, 02) are op- 
erated simultaneously: If (Z = Z,+Z,) 
is the total particle concentration in the 
aerosol tested, and Z:) the frac- 
tions which flow through the channels 
with the respective orifices (0:, 02) it 
follows from (eq. 5) that: 


= = Z,/Z2 


and from (eq. 7) for the respective 
time intervals available for sedimenta- 
tion in the channels: 


= 02/01 = Z2/Z; 


i.e., the interval is the larger, the smaller 
the fraction of the sample passing the 
channel. 

If one could assume the same rate 
of sedimentation (for a monodisperse 
aerosol) in both channels (i.e., 7z, = 
tz,) the deposit concentrations (num- 
ber of particles per unit area, defined as: 
(Cy = C2 = Z2/ must be the 
same in both channels and independ- 
ent from (0), since: 


vr, Ur, 
Ci 41 41 
C2. Ze tr, 1 


This is, however, not true, because the 
conical form of the helix causes the 
sedimentation rate to increase with 
(D) (eq. 4) and thus with (Z), so that 
(rz) decreases with increasing values 
of (v,, 0, and/or N). It follows that for 
any specific aerosol the maximal value 
of (C) (i.e., the minimum of sampling 
time) is reached for any given (N) with 
a value of (0), whereby the deposit 
terminates close to (Zp), ie., fills al- 
most the entire channel. 

On the other hand, (C) increases 
with (N) for the same value of (0), be- 
cause (La) decreases with (N) (c.f.). 
Hence the largest concentration is 
always effected with the largest (N), 
since: Ci/C2 = N; L2/N2 Ii. Large 
values of (N) though produce small 
dispersions, i.e., decrease the differen- 
tiation between particle sizes. 


The Relation between Particle 
Diameters (d) and (L) 


Aerosols with a defined smallest 
particle size (d) cause a deposit along 
(L) which terminates for (L = La), 
provided that (N) and (0) are such that 
(La < Ip). Evidently, smaller values 
of (d) correspond to those of larger 
(Za), while for the same (d)-value (La) 
decreases with increasing (N) or (79). 
It follows that (Le) indicates (d), if 
the function [d(Za)] is known for the 
pertinent values of (N, 0). 

Due to the complexity of the physical 
conditions in the channel a theoretical 
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Fig. 7. Particle diameter (log d) vs. corresponding length (log Ly) for different operating conditions 
(N, ©) of the aerosol spectrometer. (Solid line sections refer to the (d)-range calibrated with latex aero- 


sols, hatched line sections to their linear extrapolation.) 


determination of this function appears 
less reliable than an empirical calibration 
with aerosols, produced with poly- 
styrene latex available in uniform shape 
and defined diameter in the range 
(1.2 4 > d > 0.088 »). Aerosols, ob- 
tained by nebulizing dilute aqueous 
suspensions of such particles, are not 
monodisperse, but rather multidisperse, 
for they consist of a variety of discrete 
sizes, due to unavoidable agglomera- 
tion of the individual particles, however, 
they have a defined minimum size (d) 
represented by the fraction of particles 
which are not agglomerated. Figure 
6 shows photographs of such foil de- 
posits resulting from aerosols of dif- 
ferent (d) obtained for different values 
of (N, 0), they indicate the sharp ter- 
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mination of the deposit at the respective 
(La). 

The function [d(Zq)], obtained from 
calibration with latex aerosols of 8 
different sizes approximates a straight 
line in log.-co-ordinates, its slope in- 
creases with (N) and decreases with 
(0). 

Figure 7 represents [d(La)] for a 
variety of (N, 0) values, selected for the 
uniform coverage of the range of 
(d) and (LZ). The calibration refers to 
operating conditions of the instru- 
ment with the (F)-values in Fig. 5 
resulting from eq. (5). 

The range of (d), covered by a par- 
ticular set of operating conditions, 
varies largely with (N) and (0), i.e., 
with the slope of each line. 


Figure 7 indicates the size ranges, 
actually calibrated with latex aerosols, 
as solid lines, while the linear extrapola- 
tion corresponds to the hatched sec- 
tions of each line. They indicate the 
uncertainty—i.e., the exper'mentally 
unproved validity of the linear ex- 
trapolation—for the ranges (d < 0.08 yu) 
and (d> 1.2 9). During recent months 
a monodisperse polystyrene latex of (d 
= 2.85 u) has become available. Its use 
for calibration proved the adequate va- 
lidity of the upper hatched sections for 
(d> 1.24). Similarly uncertain is the 
validity of the linear relation for (La < 
4 cm) due to the initial disturbance of 
the flow after entry into the channel and 
at the approach to the orifices, i.e., for 
(La > 38 cm). 

This limits the range of (d) for the 
(N, o)-values tested to (dmx < 3 yu 
for N = 6,000, 0 = 60) and (dmin > 
0.03 u for N = 24,000, 0 = 20). The 
(d)-range accessible to analysis embraces 
thus the factor of about 100, and the 
corresponding range of particle masses 
of about one million. 

The following table correlates the 
values of (F, 07, 70, ‘Ymiv, Ymax, Gmio 
and dmx) with the corresponding 
values of (N, 0) in the [d(Za)] diagram. 
(Fig. 7). 

The table permits the selection of the 
optimal operating conditions (NV, OQ) 
for the specific test requirements. The 
largest sampling rate is obtained for 
(N = 18,000, O = 60) which corre- 
sponds to a Reynolds’ number (eq. 2) 
of (R* = 710). The use of the same (0) 
at (N = 24,000) would increase (F) 
to 10 lit/min and bring (R*) close to 
10%, thereby disturbing the laminar 
flow. 

The maximal value of (N) obtainable 
with the instrument is about 26,000 
rpm producing (ymax = 30,000 g). 


Conclusion 


The Aerosol Spectrometer effects 
thus the quantitative separation and 
the deposition of air-borne particulate 
matter in a pattern, which is geo- 
metrically defined over a size range con- 
trollable by the operating conditions 
between Stokes’ diameters of 34 to 
0.03u. The derivation of the size- 
and mass-distribution in polydisperse 
aerosols from such deposit patterns, 
requires procedures which are described 
in detail in another paper. 
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A Correlation Study 


During the course of a study on 

the contribution of engine exhausts to 
air pollution, information was obtained 
on the monoxide and particulate lead 
concentrations in the atmosphere of a 
northeastern metropolitan city. The 
traffic density at each sample location 
was also obtained. The results showed 
high correlation between traffic density, 
average carbon monoxide concentra- 
tion, and average particulate lead con- 
centration. 

A review of the literature showed that 
little work had been done on the rela- 
tionships between these variables. Ly- 
kova,”? Effenberger,* and Clayton™ 9% 
compared carbon monoxide and traffic 
density while Tufts** compared lead in 
air with traffic density. Their results 
are described in the discussion of the 
correlations evolved. 

The carbon monoxide concentration 
for urban areas,’ Cincinnati,> De- 
troit,*: Los Angeles,* %, 24 30 New 
York,” Baltimore,‘ Donora,‘ Salt Lake 
City, Santa Clara,*! London,” * 
Paris,?* Milan,!?: Naples,!* Rome,” 
West Germany,” Brussels,'* and 
Soviet cities*? showed that the con- 
centration in the air ranged from <1 to 
about 100 ppm. However, on occasion 
in heavily congested traffic, the CO level 
was reported as high as 500 ppm. 
Average CO levels in the cities tested 
were for the most part below 15 ppm. 
In tunnels in New York,** * other large 
U. S. cities,! and Berlin,” the carbon 
monoxide level reached upwards to 300 
ppm with mean levels of about 70-100 
ppm. 

The atmospheric lead concentrations 
measured (including tests in tunnels) in 
Chicago,*4 Los Angeles,® 1% 21, 2%. New 
York,” numerous other U.S. cities, 


* Presented at the 53rd Annual Meeting 
of APCA May 22-26, 1960, Netherland- 
Hilton Hotel, Cincinnati, Ohio. 
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LEAD, CARBON MONOXIDE and TRAFFIC" 


RICHARD S. BRIEF, ALLEN R. JONES, 


Medical Research Division, Esso Research and Engineering Co., Linden, N. J. 


Michigan county,? Milan,!* Zurich,* 
and Switzerland" had a range of <1 to 
27 mmg/cu m. Lead concentrations 
below 10 mmg/cu m were most common. 
In garages, the level reached was as high 
as 60 mmg/cu m.” A peak level of 
18.8 mmg/cu m was reported™® in a 
tunnel through which about 12 cars/ 
min passed. 


Experimental 


Traffic density was obtained by 
physically counting, using a manual 
counter, all the cars and trucks passing 
sample location for 5-10 min each half 
hour during the eight-hour sample day. 
The data are presented in vehicles per 
minute. 

Particulate lead was obtained by 
metering air through a rotameter at 
about 10 1/min and then through a 
Millipore molecular sieve filter paper, 
unbacked, in a closed filter holder as- 
sembly. The total weight of the lead 
collected was determined colorimetri- 
cally by a dithizone procedure similar to 
that described by Elkins.!! The results 
are calculated in mmg/cu m. 

Carbon monoxide concentration was 
determined in a partially continuous 
manner similar to that outlined by 
Shepherd, et al.*? This was done by 
metering air through a rotameter at a 
constant rate of about 100 cc/min 
through a silica gel trap and then into 
three commercially available carbon 
monoxide indicator tubes in parallel. 
The color developed, which varies from 
yellow to dark green, is a function of the 
concentration of carbon monoxide and 
the quantity of air sampled. By 
visually matching the shades obtained to 
a reference color standard and noting 
the time and sampling rate necessary 
for the color change, the concentration 
of carbon monoxide in the air was de- 
termined in ppm. 

The three tubes in parallel were used 
as a means of eliminating possible de- 


Esso Standard, Division of Humble Oil and Refining Co., Bayway, N. J. 
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fective tubes, although in the study none 
were found. The color in all sets of 
tubes changed simultaneously to the 
same shade, as closely as could be de- 
termined visually. The tubes were 
changed in sets of three when a pre- 
determined shade was matched. If the 
color in the tube had not reached a 
reference standard, the final sample of 
the day required interpolation. 


Sampling Schedule 


The schedule was arranged to mini- 
mize bias in sampling. Each sample 
location in the study was used five 
times. The program was operated 
five days a week, Thursday through 
Monday, during a three-week period in 
July and August, 1959. Sampling 
started at 10:30 AM and continued 
through 6:30 PM each day. The 
Thursday-through-Monday schedule 
was chosen so that weekend as well as 
weekday data could be collected. The 
sampling sequence is shown in Fig. 1. 

The stations chosen fell into three 
categories. Stations 1 and 2 were in 
high traffic areas, stations 3 and 4 were 
in moderate traffic areas, and stations 5 
and 6 were in light traffic areas. The 
rows in the chart show that on each day 
two stations of the six selected were 
sampled during the three weeks al- 
located. The columns show that each 
station was sampled twice in two of the 
sampling weeks and once in the re- 
maining week. 


Sample Location 


Factors that were taken into account 
in selecting the sites included the area of 
neighborhood, the type and location of 
nearby industry, location of nearby 
thoroughfares, density and continuity 
of traffic flow, electric power availabil- 
ity, shelter, space for instruments, pre- 
vailing wind, and direction and location 
of barriers and buildings. The sam- 
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Table I—Traffic Density, Vehicles per Minute 


Station 


Heavy Traffic 
Sampling Day 1 2 


— Traffic Light Traffic 


5 
2 
2 
2 
1 
2 
2 


Table li—Range of Traffic Density, Vehicles per Minute 


Station 


Heavy Traffic 
Sampling Day 1 2 


Moderate Traffic 


Light Traffic 
3 4 5 6 


Station Range 


11-22 1-5 
10-20 1-2 
9-14 0-4 
5-11 1-3 
10-17 1-5 


5-22 0-5 


Table Ili—Lead Concentration, mmg/cu m 


—Station 


Moderate Traffic 
3 4 


Light Traffic 
5 6 


0.20 
0.55 
0.77 
0.49 
0.16 


0.43 


Table I[V—Carbon Monoxide Concentration, ppm 


Station 


Heavy Traffic 
Sampling Day 1 2 


Traffic Light Traffic 
5 6 


16 
9 
8 
1 
5 
8 


plers were set up 30-50 ft from the 
nearest traffic at about 4 ft above 
ground level. 


Results 


The traffic density was averaged from 
17 5-10 min traffic counts during the 
eight-hour day, and the results are 
shown in Table I. 

It is interesting to note the variation 
in traffic flow for the days of the week. 
On Sundays, the average traffic flow is 
reduced by one-third to one-half of the 
over-all station average. During the 
weekdays, the average traffic density 
remains fairly constant. 

The ranges of traffic densities are 
tabulated in Table II. The ratio of the 
upper to the lower traffic count varies 
from 1.4:1 to as much as 5:1. For 
obvious mathematical reasons, these 
ratios do not consider the ranges with 
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0 vehicles per minute as the lower limit. 
The average ratio of range extremities is 
2.5:1. The peak traffic flows were 
generally reached from 4:00-5:30 PM, 
while the lows were recorded usually 
from 6:00-6:30 PM. 


Lead 


The particulate lead concentrations 
obtained during the sampling program 
are presented in Table III. These eon- 
centrations represent eight-hour aver- 


es. 

The <0.1 value shown for Saturday 
at Station 6 was assumed equal to 0 
mmg/cu m for calculation purposes. 
A regression of lead levels on traffic 
density using the 30 data points ob- 
tained yielded the following relation 
which is positively correlated at greater 
than 99% significance 


Pb = 0.444 + 0.03637 (1) 
where 


Pb = lead level, mmg/cu m 

T = traffic density, vehicles per 
minute past the sample loca- 
tion 


Equation (1) plus the corresponding 
95% confidence limits for the regression 
of lead concentration on traffic density 
data are plotted in Fig. 2. 


Carbon Monoxide 


The carbon monoxide concentration 
averaged during the day is tabulated in 
Table IV. 

The trend of the 30 data points 
shows that increased car population is 
related to increased carbon monoxide 
content in the air. The regression of 
average carbon monoxide level obtained 
each day at each station on the cor- 
responding average daily traffic density 
gave the following highly correlated 
relation at greater than 99% signifi- 
cance. For calculation purposes, <1 
values in Table IV were assumed 
equal to 0 ppm. 


CO = —0.281 + 0.1367 (2) 
where 


CO = carbon monoxide, ppm 

traffic density, vehicles per 
minute past the sample lo- 
cation 


A plot of equation (2) with the cor- 
responding 95% confidence limits for 
the regression of atmospheric carbon 
monoxide concentration on traffic den- 
sity are given in Fig. 3. 

The carbon monoxide concentration 
ranges obtained during the day at each 
station are shown in Table V. The 
range of those concentrations with a 
lower limit of one or greater had a ratio 
of upper to lower level which varied from 
2:1 to 12:1. The average ratio was 
4:1. These range figures compare 
closely with the traffic density ranges de- 
scribed previously. 

A further study of the data obtained 
for carbon monoxide and lead concen- 
trations suggests the possible relation 
between these variables. The cor- 
responding data in Tables III and IV 
yielded the following highly correlated 
regressions of CO on lead and lead on 
Co. 


CO = —1.169+ 3.111 Pb (3) 
and 


Pb = 0.516 + 0.268 CO = (4) 


These regressions are plotted in Fig. 4. 
In the above case, carbon monoxide 

and lead would be expected to be related 

only through the fact that they are 
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Fig. 2. 


emitted from the same source, the auto- 
motive engine. The incomplete com- 
bustion of gasoline, as in an engine, is a 
recognized source of carbon monoxide, 
but unless lead is present in the con- 
sumed gasoline, lead would not be ex- 
pected to be exhausted. However, the 
fact that most commercially available 
gasolines do contain tetraethyl lead is 
evidence a priori of the presence of lead 
in the exhaust gases from automobiles. 

The developed regressions for carbon 
monoxide and lead then are indicative of 
air pollution from automobiles con- 
suming leaded-gasolines. 


Before proceeding with the discussion 
it is important to remember that the 


data, the correlations drawn, and the 
95% confidence intervals for regressions 
calculated are all based on tests con- 
ducted in one northeastern United 
States’ city. The extent to which the 
correlations and confidence intervals 
can be generalized will vary with such 
factors as meteorology, type of traffic 
flow, and sampler location. 
Weather Effects 

Because the testing was done in the 
summer, the air temperature was gen- 
erally 80-90°F. At other tempera- 
tures, convective currents could be dif- 
ferent and might possibly alter the 
levels obtained. It is expected, how- 
ever, that the temperature effect would 
be minimal compared with the others to 
be discussed. 


The wind conditions were generally 
variable. It is suspecved that over the 
course of three weeks, the direction and 
velocity ran the gamut of meteorological 
patterns at the location of the samplers, 
four feet above the ground. No meteor- 
ological data were obtained during the 
study. Wind direction and velocity 
obtained from the Weather Bureau 
were not considered to be directly appli- 
cable. Under conditions of high wind 
turbulence and maximum dilution (not 
experienced during the tests), the slope 
of the correlation curves could be less- 
ened so that even under conditions of 
high traffic density, the levels of lead 
and carbon monoxide might be less than 
the lower confidence limits. On the 
other hand, in an area with predomi- 
nantly calm wind conditions, the slope 
of the correlations might be greater than 
that shown. 

The distance the sampler is placed 
from the traffic stream is an important 
factor in the detection of air con- 
taminant levels. In the subject study, 
30-50 ft was used. At other distances, 
correlations would still be expected to 
evolve but with the location and slope 
of the curve changed. 


Traffic Effects 


Traffic patterns are also quite im- 
portant. Little congestion was found 
to exist at the six stations tested; that is, 
traffic flow was relatively free flowing, 
and therefore, density measurement in 
cars per minute should be representative 
of the number of cars exhausting in the 
proximity of the samplers. If in 
another area it was found that traffic 
pile-up was commonplace, cars per 
minute past the sampler might not be 
truly indicative of the number of car 
exhausts near the sampler. In this 
case, a more proper assessment of 
traffic density might be cars per 1000 
ft? near the sampler. This type of 
count would be very difficult to obtain. 
Time-lapse photography might be used 
to collect such data. 

To generalize, the results of this study 
point out the importance of traffic 
density in relation to the lead and carbon 
monoxide in the atmosphere. More 
detailed generalizations, without ac- 
counting for the factors discussed above, 
might suggest erroneous levels of lead 
and carbon monoxide based on traffic 
data. Perhaps if more data were 
available, the correlation developed in 
the one city tested could de adjusted for 
these factors. Therefore, for a full- 
scale assessment of traffic and its rela- 
tion to contaminant levels in the at- 
mosphere, more data are necessary. 
It would be advisable that future work 
in this field include traffic density data, 
along with the information on the fac- 
tors discussed, when reporting possible 
vehicle-related atmospheric contami- 
nants. 
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Data from Literaiure 


Many authors have pointed out that 
carbon monoxide and lead are directly 
related to traffic. Unfortunately, the 
data presented are usually only qualita- 
tive. However, some authors have pre- 
sented actual data which will now be 
discussed. 

compared traffic density 
with carbon monoxide concentration in 
the street air of certain Soviet cities. 
The data Lykova presented are 5, 11, 
and 22 ppm carbon monoxide for <17, 
17-25, and 25-50 vehicles per minute, 
respectively. The mean levels of car- 
bon monoxide obtained in the Soviet 
cities tested were about two to three 
times higher than those obtained during 
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the subject study. Lykova’s work be- 
ing done in 1953 in the Soviet Union 
could reflect differences in Soviet ve- 
hicles and gasoline from the automotive 
situation in the northeastern United 
States’ city tested in 1959. Further 
evaluation of the variance suggests that 
the sampler location, being closer to the 
traffic in the Soviet cities, could con- 
tribute to the explanation of the dif- 
ferences noted. 


Berlin 


Effenberger™ found that carbon 
monoxide at the breathing zone of 
customs officials and traffic density at 
border crossing points in Berlin are 
highly correlated. Regressions of car- 
bon monoxide on traffic density at two 


different locations gave the following 
relations: 


CO = —37.2 + 30.0T 
CO = +6.6 + 20.2T 


where 


CO = carbon monoxide concentra- 
tion, ppm 
T traffic density, cars/min 


Effenberger points up the differences in 
these regressions to differences in 
meteorology that existed at the time of 
the sampling and to the types of build- 
ings near each location. 

In periods of heavy traffic with little 
wind, peak values of 220-240 ppm CO 
were measured. Average values of 
about 78 and 130 ppm CO were en- 
countered at the two stations tested. 
The range of traffic densities encoun- 
tered in Effenberger’s study was from 
1-8 cars/min. The differences in the 
levels of CO obtained by Effenberger 
and obtained in the subject study can 
be almost wholly attributed to the dis- 
tance between the CO sampler and the 
automobile. Customs officials in proc- 
essing the cars through their check 
points stood in quite close to the ve- 
hicles. The fact that the cars were 
idling while awaiting customs processing 
would also tend to increase the levels of 
co. 


Detroit 


Clayton™*> collected data in Detroit 
on carbon monoxide, traffic density, and 
meteorlogical conditions. Statistical 
treatment of these data is now being 
made to develop, if possible, a mathe- 
matical model which would include 
carbon monoxide, wind speed, air 
temperature, traffic density, inversion 
information, and time of day. 


Chicago 


Tufts** compared lead concentration 
with street traffic density. The air was 
sampled with Millipore molecular sieve 
paper in a small shopping district in 
Chicago. Samples which were ob- 
tained were treated for microscopic 
examination, and the lead particles col- 
lected were counted and sized. Sam- 
pling was done in 10-min intervals over 
about a two-hour period. An estimate 
was made of the mass of lead collected 
(based on lead chloride) in each sample 
from the particle count and size distri- 
bution. The results in mmg/cu m were 
compared with traffic counts which 
varied from four to seven vehicles/ 
minute. The lead levels obtained by 
these calculations were considerably 
higher than would be expected from the 
correlation of lead level in traffic ob- 
tained in the subject study. It should 
be noted, however, that Tufts sampled 
within two feet of the traffic at about 
three feet above the ground. The close 
proximity to the traffic could. explain 
the higher level obtained. Possible 
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Table V—Carbon Monoxide Concentration Range, ppm 


—Station 
Heavy Traffic Moderate Traffic Light Traffic 
Sampling Day 1 2 3 4 5 6 

Thurs. 7-47 2-13 1-5 1-4 <i1-l <i 
Fri. 7-14 2-6 1-3 <1-2 <i1-l <1-1 
Sat. 3-16 2-7 <i 1-2 <1 <1-1 
Sun. 1 <1-l <1-6 <i-1 
Mon 1-12 5-13 1-3 1-3 <1 
Station Range 1-47 <1-13 <1-5 <1-6 <1-l <1-1 


errors in the estimation technique used 
could also contribute to the deviation 
noted in Tufts’ results. 

In the city tested, there was no ap- 
parent industrial source of carbon 
monoxide or lead. If such a source is 
present, e.g., a lead smelter, obviously 
the atmospheric level of the contaminant 
could be expected to increase beyond 
vehicle exhaust producted levels. 
Sources other than vehicle exhaust must 
then be considered in any analysis of 
data relating the particular variables 
discussed in this report. 


Summary 


Atmospheric levels of lead and carbon 
monoxide were studied at six locations 
in a northeastern United States’ city, 
wherein the traffic density varied from 
0-99 vehicles/min. Positive correla- 
tions have been developed between lead 
and traffic density and between CO 
and traffic density. The correlations 
obtained conclusively point to vehicle 
exhaust as a source of lead and carbon 
monoxide in the atmosphere. 
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EYE IRRITANTS Formed During PHOTO-OXIDATION OF 
HYDROCARBONS in the Presence of Oxides of Nitrogen 


E.. irritants are formed when 
certain mixtures of hydrocarbons and 
oxides of nitrogen are irradiated with 
near-ultraviolet light. Eye irritation 
is not detected in these mixtures prior 
to irradiation; thus, the irritants are 
products or intermediates of the photo- 
oxidation. The purpose of this in- 
vestigation was to identify the products 
of the reaction and to relate these prod- 
ucts to observed eye irritation. This 
work was carried out at Stanford Re- 
search Institute under the sponsorship 
and with the support of the Air Pollu- 
tion Foundation and the National 
Institutes of Health. 


Experimental Techniques 


Each mixture studied was composed 
of purified air 1t to which was added 3 
to 6 ppm of a hydrocarbon and 1 to 2 
ppm of nitric oxide or nitrogen dioxide. 
These mixtures were prepared and ir- 
radiated in the 520-cu-ft chamber shown 
in Fig. 1. Irradiation was provided by 
24 mercury ares and 78 Blacklite 
fluorescent bulbs. The near-ultraviolet 
intensity in this chamber was approxi- 
mately equal to noonday sunlight as 
measured by photolysis of nitrogen 
dioxide in nitrogen. 

The reactions were monitored at 12 
to 15 minute intervals with a long-path 
infrared spectrophotometer from 2 to 
14 microns during a 2-hr irradiation 
period. Thus time-concentration rec- 
ords of reactants and products were 
obtained. Examples of the infrared 
spectra before and after photo-oxidation 


* Presented at the 53rd Annual Meeti 
of APCA, May 22-26, 1960, Netherlan 
Hilton Hotel, Cincinnati, Ohio. 

+ This purified air was obtained by pass- 
ing atmospheric air over a platinum 
catalyst at 1000°F and filtering through 
charcoal. This air contained less than 0.1 
ppm of hydrocarbon and less than 0.1 
ppm of nitric oxide or nitrogen dioxide. 
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Department Southern California Laboratories, South Pasadena, Calf. and 
N. A. RENZETTI, Senior Physicist, Air Pollution Foundation, San Marino, Calif. 


are shown in Figs. 2 and 3. A typical 
time-concentration graph constructed 
from the infrared spectral data is shown 
in Fig. 4. It was possible to identify 
products by reference to published 
spectra and by calibration of the spec- 
trophotometer with the suspected prod- 
ucts. Additional analysis of the gas 
mixtures with a gas chromatograph 
aided in these identifications. After the 
2-hr irradiation period the mixture was 
piped to eye irritation booths (Fig. 1) 
where human test subjects reported the 
degree of eye irritation they experienced. 


The subjects reported irritation every 
30 sec for a period of 5 min in terms of 
none (0), light (1), medium (2), or 
severe (3). The numbers assigned to 
these reports were used to calculate the 
eye irritation index for the panel. The 
resulting indices were assigned the 
following interpretations: 0 to 6, none 
to light irritation; 6 to 10, light to 
medium irritation; 10 to 16, medium to 
severe irritation and above 16, irritation 
of sufficient severity to cause lachryma- 
tion in more than 50% of the subjects. 
Maximum possible irritation was 24. 
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Fig. 1. Diagram of equipment 
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Fig. 3. Infrared spectrum of products after 2-hr irradiation of 3 ppm isobutylene and 1 ppm nitrogen 
dioxide. 
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Fig. 4. Time concentration curves for reactants and products during irradiation of isobutylene and 
nitrogen dioxide. 


Infrared spectrum of 3 ppm isobutylene and 1 ppm nitrogen dioxide before irradiation. 


Results and Discussion 
Products 


Products obtained from typical photo- 
oxidations are shown in Table I. The 
olefinic hydrocarbons studied yielded 
substantial amounts of products at the 
end of 2-hr of irradiation. The satu- 
rates were relatively unreactive and 
yielded small amounts of products. 
Those mixtures which yielded little or 
no products did not give eye irritation. 
Thus, we associated the irritation with 
products. 


Eye Irritation Potential of Products 


The test subjects were exposed to 
mixtures of known concentrations of 
individual compounds to determine the 
eye irritation potentials of several of 
the minor as well as the major products. 
These data are shown in Table II. Of 
the compounds tested, only formalde- 
hyde and acrolein resulted in sub- 
stantial irritation. These compounis 
are consistently identified as major 
products of the reactions and therefore 
probably contribute substantially to 
eye irritation. The epoxides probably 
do not contribute to eye irritation since 
they do not cause significant irritation 
even at concentrations 40 to 60 times 
greater than those found in the reacted 
mixtures. For similar reasons acetalde- 
hyde, propionaldehyde, ketene, ethyl 
nitrate, and acetyl nitrate probably do 
not contribute to eye irritation. 


Correlation of Eye Irritation with 
Certain Products 


The formaldehyde and acrolein con- 
centrations could be measured directly 
in many cases. In some experiments 
other aldehydes interfered with the 
formaldehyde absorption at 3.6 u. In 
these cases the formaldehyde was de- 
termined by one or more of the following 
methods: 


1 Measuring the interfering alde- 
hyde at some other wavelength or 
by gas chromatography and apply- 
ing a correction to the absorption 
at 3.6 

2 Using differential infrared tech- 
niques. 

8 Assigning an upper limit to the 
formaldehyde concentration on 
the basis of the 3.6-u absorption. 


Once the formaldehyde and acrolein 
concentrations were determined, it was 
possible to use the data from Table II 
(that is, 1 ppm of formaldehyde = 4.1 
eye irritation units and 1 ppm of acrolein 
= 10.1 eye irritation units*) to calcu- 
late the irritation value to be expected 
for each experiment and to compare this 
calculated value with the observed 


* Assumes a linear relationship between 
concentration and irritation. 
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Table I—Products Resulting from Photo-oxidation of Hydrocarbons with 
Oxides of Nitrogen 
(For certain products resulting from ——" of selected hydrocarbons with oxides of 
nitrogen 


Exper- Carbon 
iment d Mon- 
Number Hydrocarbon oxide 


Identified Products,’ ppm 
Acyl? Acet- 


Propylene 

Isobutylene 

1,3-butadiene 

n-Pentane 

2-Methylhep- 
tane 

Isooctane 
2,2,4-Tri- 
methylpen- 
tane 


« 3 ppm of hydrocarbon and 1 ppm of nitrogen dioxide. 


> After 100 min of irradiation. 


¢ 0 in table indicates that compound was not found or that its concentration was below 
detection limit of instrument, i.e., less than 0.1 ppm. 


4 Calculated as acetyl nitrate. 


Table Il—Observed Eye Irritation Values 


—————Compound Tested: 


Concentration, 


Name ppm 


Eye Irritation Index, 
Arbitrary Units 
Concentration Per ppm of 
Listed Compound 


o 


Acrolein 
Formaldehyde 
Propionaldehyde 
Ethylene oxide 
Ethyl] nitrate 
Acetyl nitrate 
Ketene 
Butylene oxides 
Acetylaldehyde 
Ozone 


— 
ROWS WWW 


0 


1 
1 


* Indistinguishable from zero irritation. 


irritation. The first set of data chosen 
for comparative purposes was obtained 
from a group of 20 experiments in which 
isobutylene was photo-oxidized in the 
presence of 1 ppm of nitrogen dioxide. 
The isobutylene concentration was 
varied from 1 to 12 ppm. The resulting 
series of observed irritations varied 
from no, or very light, irritation (index 
= 2-6) to severe irritation (index = 16 
or greater).— Among the products of 
this reaction, formaldehyde was the 
only irritant identified. Therefore, cal- 
culated irritation values were obtained 
from the measured formaldehyde con- 
centration of each experiment. Both 
the observed and the calculated irrita- 
tion values are listed in Table III. 
The correlation coefficient of these two 
values is 0.86. Statistically, 0.86 is 
indistinguishable from a correlation of 
1.0; therefore, no attempt was made to 
correct for the known error of measure- 
ment associated with observed eye 
irritation. 

Next, a comparative study was made 
of the irritation obtained by photo- 
oxidation of 1,3-butadiene in the pres- 
ence of oxides of nitrogen. Among the 
products of this reaction were two 
identified irritants, formaldehyde and 


¢ On an arbitrary scale of 0-24. 
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acrolein. Therefore, the calculated ir- 
ritation was assumed to be the sum of 
the irritation resulting from these two 
products. The calculated irritation val- 
ues of each of these irritants and the sum 
of these values are shown in Table IV 
along with the observed irritation levels. 
The correlation between the observed 
and the calculated values is greater than 
0.86 and implies that all of the irritation 
has been contributed by formaldehyde 
and acrolein. 

The above method of calculating eye 
irritation was next applied to data on 


Table Ili—Comparison Between Ob- 


served Eye Irritation and Eye Ir- 
ritation Values 


(Calculated From Photo-oxidation of Iso- 
butylene with Nitrogen Dioxide) 


Observed Calculated 
ye Eye 
Irritation Irritation 
Index, Index, 
Arbitrary Arbitrary 
Number Units Units 


i) 


Hs 


various other olefins and compounds 
studied. A comparison of calculated 
and observed irritation values is given 
in Table V. Again, the correlation 
coefficient was found to be 0.86. Thus 
the observed irritation in all of the sys- 
tems studied has been mainly contrib- 
uted by formaldehyde and acrolein. 


Summary 

Individual hydrocarbons were ir- 
radiated with near-ultraviolet light in 
the presence of nitrogen dioxide. Ex- 
amination of the reacting systems with 
an infrared spectrophotometer and a gas 
chromatograph led to ready identifica- 
tion of major products. 

Two products of the photo-oxidations, 
formaldehyde and acrolein, were found 
to be eye irritants and to account for the 
majority of the observed eye irritation 
found in the photo-oxidized systems 
studied. At the concentrations present 
in the photo-oxidized mixtures, epoxides, 
most aldehydes, ketones, nitrites, ke- 
tene, ozone, alkyl nitrates, and acyl 


Table I[V—Comparison Between Observed Eye Irritation and Eye Irritation 


Values 


(Calculated From Formaldehyde and Acrolein Concentrations During Photo-oxidation of 
Butadiene with Oxides of Nitrogen) 


= 


Calculated Eye Irritation Index (Arbitrary Units) 


From 
Formaldehyde 


m 
Acrolein 


y' 
Irritation 
From Index, 
Formaldehyde Arbitrary 
and Acrolein Units 


22.0 
12.4 
12.4 
14.4 
11.6 
14.0 


trates hyde lein tone Ozone 
8 1.20 0 0.35 1.20 0 0 0.68 
127 2.05 0.70 0.45 0 0 1.80 1.00 
15 1.80 0.80 0.05 0 1.70 0 0.65 
99 0 0 0 0 0 0 0.18 aa es 
151 0 0.40 0.15 0 0 0 0.45 aii 
16 0 0.30 0.05 0 0 0 0.26 cae 
128 I 
123 
104 
114 
113 
132 
137 
130 
116 
118 
119 
135 
ably | 
ince 
tion 
mes 
eted 
Ide- 
thyl 
do 
etly 
ants 
the 
In 
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ring 
lde- 
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‘ion 
ch- 
the | 
on 
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Il 
4.1 
ein Experiment ~ 
ein 
ted 15 18.0 25.2 
his 19 3:2 10.0 13.2 
‘ed 23 3.2 9.8 13.0 
24 4.0 8.2 12.2 
pen 38 6.4 7.8 14.2 
— 39 6.8 10.9 17.7 
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Table V—Comparison Between Observed Eye Irritation and Eye Irritation 
Values 


(Calculated from Formaldehyde and Acrolein Concentrations During Photo-oxidation of 


Various Compounds) 
Calculated Observed 
Experi- 
ment Eye Irritation Index, 
Number Compound Arbitrary Units 

7 Ethylene 2.8 2.4 
30 Ethylene 8.8 8.8 
90 Propylene 8.0 7.9 
94 1-Butene 5.6 5.6 
22 Trans-2-butene 4.0 7.6 
75 2-Methyl-2-butene 6.0 4.0 
31 2,3-Dimethyl]-2-butene 4.4 7.6 
102 1-Pentene 10.8 14.8 
46 2-Ethyl-1-butene 6.8 8.8 
82 3-Heptene 9.2 7.6 
12 Cyclohexene 6.0 8.0 
Diisobutylene (2,4,4-Trimethy]-2-pentene) 8.0 10.8 
56 1,2-Butadiene 3.6 2.4 
29 1,3-Pentadiene 17.8 16.4 
18 2-Methyl-1,3-butadiene 19.9 16.8 
34 2,3-Dimethyl]-1,3-butadiene 8.8 12.8 
55 1,5-Hexadiene 10.4 10.8 
81 1,5-Cyclo-octadiene 4.8 10.8 
98 Isopentane 0.8 3.2 
99 n-Pentane 0.8 2.8 
100 3-Methylpentane 0.8 2.4 
101 Methane 2.0 3.2 
16 Iso-octane (2,2,4-Trimethylpentane) 0.8 3.6 
51 0.8 2.0 
28 ethylethyl ketone 0.0 1.6 
32 Stoddard solvent 0.0 6.3 
35 Trichloroethylene 0.0 3.2 
47 Tetrachloroethylene 0.0 2.8 
43 Xylene 0.8 5.2 
49 Xylene 6.4 5.6 


nitrates were not eye irritants. Termi- 
nal olefins in general led to the greatest 
amounts of irritation. Internal olefins 
were of lesser importance in the forma- 


tion of eye irritants in spite of their rapid 
rates of reaction. Saturates did not 
contribute to eye irritation because of 
their slow rates of reaction. 


* Section Hi-lites * « 


The West Coast Section of the Air 
Pollution Control Association held two 
well-attended dinner meetings during 
July. 

On July 21, at Berkeley, Calif., 149 
members and guests heard a panel dis- 
cussion of the Bay Area Control Dis- 
trict’s new Regulation No. 2. The mod- 
erator, John Le Gros of Shell Chemical 
Corporation, described the regulation 
as dealing principally with the control 
of visible emissions, particulate matter, 
sulfur dioxide, and certain organics from 
industrial operations. He described the 
classification of operations covered by 
the regulation as incineration and sal- 
vage operations, heat transfer oper- 
ations, general combustion operations, 
and a catch-all category called “general 
operations.” 

Paul Arnold, resident manager of 
U.S. Paper and Foundry Co., discussed 
the impact of the regulation on foundry 
operations. He called Regulation 2 a 
“tough but fair” law. Problems fore- 
seen by the foundry industry include 
the difficulty of measuring “equivalent 
opacity of effluents,” the problem of gas 
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cooling if baghouses were required, the 
high cost of modifying existing plants, 
the maintenance of a competitive posi- 
tion (in some cases, even with East 
Coast plants), the high cost of control 
equipment 4% to 40% of plant invest- 
ment, depending on the size of the 
foundry), the need for expert assistance 
to develop the cheapest method of com- 
pliance, and the problem of disposal air 
contaminants. 

Carl Willenburg, production manager, 
Folger Coffee Company, spoke for the 
coffee roasting industry, which, he said, 
had been an integral part of the San 
Francisco economy since “the early 
days.” Two million bags of green coffee 
came through the port of San Francisco 
in 1959. The two dozen coffee roasters 
in the area vary in size from those with 
one or two batch roasters (handling 
500 pound batches) to those with con- 
tinuous roasters handling up to 50,000 
pounds per hour. Roaster tempera- 
tures reach 400° to 500°F. Both single- 
pass and recirculating types are used. 


(Continued on p. 415) 


LA MEAT PACKERS 
APPEAL TO BOARD 


Los Angeles County meat packers 
appealed to the Board of Supervisors 
for an easing of Air Pollution Control 
District regulation of odor emissions 
from the processing of dead animals. 

Representatives of Meat Packers, In- 
corporated, a trade association, told the 
supervisors that compliance with Rule 
64, which was enacted in 1959 to reduce 
the stench from fertilizer and meat 
packing plants, and fish canneries, is 
proving costly to the industry. 

Of the several types of control avail- 
able, the lowest-priced were already in 
operation or have been installed by 
many packers, association spokesmen 
said, but this method now has been 
found to have increased water consump- 
tion by more than 100% and also has 
overloaded the Vernon sewers. 

Air Pollution Control Officer Smith 
Griswold pointed out that the APCD 
had originally made it clear to the 
packers, when they applied for permits 
to install controls, that their choice of 
the cheaper type control device, while 
it would control odors, would also re- 
sult in excessive use of water and cause 
sewage problems. The packers were 
cautioned to check with other govern- 
mental jurisdictions, such as the San- 
itation District, before making such in- 
stallations. 

“To our knowledge none of the com- 
plaining firms obtained the necessary 
clearance from the Sanitation District 
before making these plumbing altera- 
tions,” Smith Griswold, APC officer, 
said. “Had they checked this out they 
would not have to make changes.” 

A supporting report by APCD Di- 
rector of Engineering Robert L. Chass 
showed that a satisfactory odor control 
installation could be made or modified 
at a typical plant for about $10,000. 
The type of installation would do away 
with both water and sewer problems. 

Senator Chevez, in a report from the 
Commission on Public Works on June 
24, 1960, recommended that Senate Bill 
$3108, which has an identical compan- 
ion bill introduced into the House of 
Representatives simultaneously—HR- 
10696). be passed. The principal rec- 
ommendations of Senator Chevez’ com- 
mittee would call for removing the time 
limitations and ceiling on the author- 
ization for annual appropriation and 
delete the requirement that funds be 
allotted in accordance with regulations 
prescribed by the Secretary of HEW. 
The proposed amendment would pro- 
vide for public hearings on air pollu- 
tion problems by the Surgeon General 
which may be of troad significance or 
are interstate in character. 
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The DEVELOPMENT of Motor Vehicle EXHAUST EMISSION 
STANDARDS in California’ 


M...: vehicle exhaust emissions 
are one of the most important causes of 
air pollution in California. Emissions 
from motor vehicles contribute a large 
part of the organics, carbon monoxide, 
and oxides of nitrogen in the atmosphere 
of the State’s metropolitan regions. 
The need to control motor vehicle ex- 
hausts was first indicated in 1950 when 
it was demonstrated that organics and 
oxides of nitrogen were important factors 
in “photochemical smog.’” Since that 
time the significance of vehicle exhaust 
in the State’s air pollution problem has 
been even more firmly established. In 
the Los Angeles area motor vehicle 
operation, and the provision of fuel for 
it, presently contributes more than 80% 
of the total hydrocarbon emissions, 
about 90% of the carbon monoxide and 
well over half of the oxides of nitro- 
gen.? 

Motor vehicles constitute an air pollu- 
tion factor common to all of the densely 
populated areas of California. This is 
somewhat in contrast to the varying 
pattern of industrial and domestic 
sources that are found in the different 
localities. Furthermore, motor vehi- 
cles move freely across boundaries of 
local jurisdictions and are taxed and 
licensed by the State. As a result, it 
has been recognized that the State 
level of government has a responsibility 
in the control of these moving sources of 
air pollution. The extent of motor ve- 
hicle use and gasoline consumption in 
California is indicated in Fig. 1. Ap- 
proximately 80% of the vehicles in 
California in 1958 were registered in 
counties that have experienced “‘photo- 
chemical smog.”’ Half of these or about 
40% of the State’s total are registered in 
Los Angeles County. 

While acknowledging a responsibility 
for controlling vehicle emissions, the 


* Presented at the 53rd Annual Meet- 
ing of APCA, May 22-26, 1960, Nether- 
land-Hilton Hotel, Cincinnati, Ohio. 


October 1960 / Volume 10, No. 5 


JOHN A. MAGA, Chief, Bureau of Air Sanitation and 
GERHARDT C. HASS, Senior Air Sanitation Engineer, 
California Department of Public Health Berkeley, Calif. 


State administration expressed the view 
that control legislation should be pre- 
ceded by the adoption of standards of 
community air quality and motor ve- 
hicle exhaust emissions. These stand- 
ards would provide a legal base for the 
enactment of control legislation. Ac- 
cordingly, the Legislature passed As- 
sembly Bill No. 1368 and Senate Bill 
No. 117 requiring the State Department 
of Public Health to develop and publish 
before February 1, 1960, standards for 
the quality of air and standards for the 
emission of exhaust contaminants from 
motor vehicles. Senate Bill No. 117 
states: “It shall be the duty of the State 
Director of Public Health to determine 
by February 1, 1960, the maximum 
allowable standards of emissions of ex- 
haust contaminants from motor ve- 
hicles which are compatible with the 
preservation of the public health, in- 
cluding the prevention of irritation to 
the senses.”’ 


Basis for Exhaust Standards 


Several fundamental decisions had 
to be made before the standards for 
motor vehicle exhaust emissions could 
be developed. It was decided that a 
single standard would be adopted and 
that this standard would be aimed at 
achieving acceptable air quality in that 
area of the State with the most serious 
air pollution problem. 

The term “exhaust contaminant’ was 
taken to mean those gases emitted from 
the vehicle tail pipe. The questions of 
practical attainability and cost were not 
considered in determining the reduction 
in emissions that would be required to 
meet the air quality standards. The 
year 1970 was used as the target date in 
calculating the standards since a number 
of years would be required for implemen- 
tation of controls for the exhaust emis- 
sions. 

The import of these decisions was that 
the standard was to be aimed toward the 


achievement of an acceptable level of 
air quality in the County of Los Angeles, 
the area which has the most severe air 
pollution problem in the State. The 
application of the standard in other 
areas of the State would then be ex- 
pected to provide some margin of safety 
in preventing air quality from deterio- 
rating to the levels specified in the air 
quality standards. 

In principle, the calculation of allow- 
able vehicle exhaust emissions is 
straightforward and includes the follow- 
ing elements: 


1 Evaluation of the current levels of 
air quality experienced on days of 
meteorological conditions unfavor- 
able to the dispersal of pollutants. 

2 Determination of the total vehicle 
exhaust emissions and the average 
concentration of pollutants in ve- 
hicle exhaust. 

3 Determination of the total emis- 
sions of air pollutants from all 
sources. 

4 Extrapolation of the emissions data 
to 1970. 

5 Description of the quantitative 
relationships between air pollution 
effects and atmospheric pollutant 
concentrations. 

6 Calculation of the necessary reduc- 
tion in pollutant emissions to main- 
tain the desired air quality on days 
of meteorological conditions un- 
favorable to pollutant dispersal. 

7 Application of these reduction fac- 
tors to the average exhaust con- 
taminant concentrations. 


In practice, the calculation was com- 
plicated by several factors. Uncer- 
tainties exist in the measurement of 
motor vehicle emissions as well as of 
pollutants from other sources. The 
state of knowledge is still rudimentary 
regarding the quantitative relationships 
between photochemical smog effects and 
the concentrations of the primary smog- 
producing pollutants. Nevertheless 
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Fig. 1. Motor vehicles and daily gasoline consumption (California, 1930—1958). 


the urgency of California’s air pollution 
problem required action on the basis 
on what is presently known. The law 
provided for periodic revision of the 
standards when new information be- 
comes available. 

The air quality standards which were 
adopted by the California State Depart- 
ment of Public Health and which de- 
scribed the goal of the vehicle exhaust 
standards were: 


“Oxidant Index”—0.15 ppm for 1 hr 
(average value as determined by the 
potassium iodide method). 

Carbon Monoxide—30 ppm for 8 hr, 
or 120 ppm for 1 hr. 


The most complicated case was im- 
posed by the ‘‘oxidant index” standard. 
Oxidant is used as an indirect measure of 
eye irritation, plant damage, and photo- 
chemical aerosol formation. The value, 
0.15 ppm, was chosen on the basis of its 
demonstrated association with these 
effects. It was not intended to impose 
a standard for ozone and nitrogen diox- 
ide, even though these substances com- 
prise a large part of the materials 
measured as oxidant by the potassium 
iodide method. Instead, oxidant was 
simply regarded as an empirical measure 
of the three sensible smog effects. It is 


* Methane excluded. 


394 


probable that exhaust controls will alter 
the present association between oxidant 
and the other air pollution effects. 

Air quality standards for ozone and 
nitrogen dioxide were considered inde- 
pendently by the Department. Stand- 
ards for these two compounds were not 
adopted because of the lack of sufficient 
data. However, the numbers which 
were considered, and which are included 
in footnotes to the air quality standards, 
were higher than those which have been 
recorded in Los Angeles County. 

The “oxidant index” standard refers 
to substances which do not appear in 
vehicle exhaust, but which have their 
origin in the action of sunlight on ma- 
terials emitted from motor vehicles as 
well as other sources. The quantitative 
relationships between these photo- 
chemical products and the concentra- 
tions of the primary pollutants, there- 
fore, had to be considered. 

Many investigators have established 
that both organic compounds and nitro- 
gen oxides are necessary to the photo- 
chemical production of ozone, eye ir- 
ritant, “typical oxidant”’ phytotoxicant, 
and photochemical aerosol. The varia- 
tion of these effects as functions of vary- 
ing concentrations of organics and nitro- 
gen oxides is less clear. The importance 
of organic compound type (i.e., olefins, 
paraffins, aromatics, and chain length) 


on the development of the several end 
effects has not been completely estab- 
lished. 

Following a review of the literature 
and eonsultation with scientists who 
have studied the reactions, the following 
relationships were postulated for the 
purpose of developing standards: 


1 The maximum concentration of 
ozone which can be developed in a 
polluted atmosphere is proportional 
to both the concentration of or- 
ganics* and nitrogen oxides. 

2 The maximum concentrations of 
eye irritant, “typical oxidant” 
phytotoxicants, and photochemic:l 
aerosol which can be developed in a 
polluted atmosphere are propor- 
tional to the concentration of ole- 
fins. Nitrogen oxides are con- 
sidered to be necessary to the reac- 
tions, but are not considered to be 
linearly effective as in ozone forma- 
tion. 


An underlying assumption, of course, 
was that these relationships are re- 
stricted to solar radiation and contami- 
nant concentrations comparable to those 
obtained in California cities. 

It is obvious that these relationships 
cannot be considered to be a complete 
and accurate statement of the photo- 
chemical smog reactions. For example, 
it is known that within the olefinic class 
of organic compounds there are im- 
portant differences in reactivity of com- 
pounds depending on chain length, 
number and position of double bonds, 
chain branching, and the presence of 
other functional groups. It would be 
desirable to assign a significance factor 
to each compound which takes part in 
the photochemical reactions. Present 
data, however, do not permit such dis- 
crimination. It was decided to dis- 
tinguish between only two classes of 
reactivity, i.e., olefins and nonolefins. 
Ethylene was included with the other 
olefins in our calculations. 

Upon consideration of the postulated 
smog reactions, the objective of the 
“oxidant index’’ standard can be inter- 
preted to require the reduction of at- 
mospheric olefin concentrations to the 
levels currently associated with 0.15 
ppm oxidant. 

Because data on motor vehicle emis- 
sions are not generally in terms of ole- 
fins, and there are no suitable field 
survey techniques for measurement of 
total olefins in exhaust, it was decided 
to use exhaust hydrocarbons (as meas- 
ured by a hexane-sensitized nondisper- 
sive infrared analyzer) as the exhaust 
component expressed in the standards. 
At present the infrared analyzer is com- 
monly used to measure exhaust hydro- 
carbons and most of the data on hydro- 
carbons is in terms of thismethod. This 
assumed that a given reduction in ex- 
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haust hydrocarbons would accomplish a 
commensurate reduction in exhaust 
olefins. 

The carbon monoxide standard pre- 
sented a much simpler problem. Air 
quality standards were specific for this 
compound and did not rely on empirical 
measurements or a demonstrated asso- 
ciation with another measurement. In 
the air quality standards carbon monox- 
ide was considered a pollutant because of 
its interference with the oxygen trans- 
port of blood and not because it was 
« factor in photochemical reactions. 


Hydrocarbon Standard 


Two methods were used to determine 
the amount of exhaust hydrocarbon con- 
trol required. The first, which has been 
ralled the “‘rollback’”’ method, is based 
on the premise that the total Los Angeles 
emissions in the year 1940 resulted in 
smog effects approximately equivalent 
to the 0.15 ppm oxidant level on days 
of very limited atmospheric dispersal. 
Accordingly, inventories were con- 
structed of all sources of olefins in the 
years 1940 and 1970. These are shown 
in Table I. 

The required exhaust olefin removal 
is dependent on the extent to which non- 
exhaust olefin emissions are controlled. 
Under rules adopted by the Los Angeles 
County Air Pollution Control District, 
substantial reductions in hydrocarbons, 
including olefins, have been accom- 
plished by the control of petroleum refin- 
ing and storage losses since 1940. Asa 
result of the control program of that 
District, the 1970 estimated olefin 
emissions from nonexhaust sources are 
expected to be maintained at approxi- 
mately their 1940 level. The calcula- 
tion for the motor vehicle exhaust 
emissions, therefore, reduced to deter- 
mining the degree of control required to 
reduce exhaust olefin emissions from 
the 1970 to the 1940 level. It was 
determined that the 1970 exhaust olefin 
emissions should be reduced by a factor 
of about 0.77. 

The second method of estimating the 
amount of reduction needed has been 
called the “indicator contaminant 
method.” This approach used carbon 
monoxide concentrations in the atmos- 
phere as a measure of its relative dilu- 
tion capacity. Carbon monoxide was 
especially suited to this purpose because 
it originated primarily from motor ve- 
hicle exhaust, could be reliably meas- 
ured, and was a relatively stable com- 
pound. A comparison of the concen- 
tration of carbon monoxide on a severe 
smog day to the concentration found on 
a day of 0.15 ppm oxidant was con- 
sidered to define the reduction in olefin 
emissions required to improve the air 
quality on a severe smog day to an ac- 
ceptable level. A severe smog day was 
defined for this purpose by the 99th 
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percentile oxidant value for all the days 
of record. This, of course, assumes that 
there is a reasonably constant ratio be- 
tween carbon monoxide emissions and 
the emission of olefins, the exhaust com- 
ponent of interest. 

A study was undertaken by the U. 8. 
Public Health Service at the request of 
this Department to investigate the re- 
lationship between carbon monoxide 
and oxidant measurements at two sta- 
tions in Los Angeles County. Morning 
concentrations of carbon monoxide be- 
tween the hours from 6 AM to 12 noon 
for the years 1956 and 1957 were com- 
pared with the maximum hourly oxidant 
developed for the corresponding day and 
station. Correlation and _ regression 
analyses were obtained by computer for 
various groupings of the data by season, 
day of week, and by solar radiation 
intensities. As expected, the correla- 
tion was found to be erratic for the 
winter months and on days of low solar 
radiation. A good correlation was ob- 
tained for the station in downtown Los 
Angeles when the comparison was re- 
stricted to weekdays of high solar ra- 
diation intensity. The corresponding 
arithmetic and geometric regression lines 
indicated an approximately linear rela- 
tionship between carbon monoxide and 
oxidant under these conditions. 

This approach indicated that olefins 
needed to be reduced by a factor of 0.68 
in 1957. Extrapolation of emissions to 
1970 indicated that an 81% reduction 
in olefin emissions was needed. 

Asa result of these two approaches for 
calculating the exhaust control re- 
quired, 0.80 was used as the reduction 
factor to be applied to the current aver- 
age exhaust olefin emissions. 


The measurement of the average con- 
centration of hydrocarbons in the ex- 
haust streams of a representative sample 
of motor vehicles is a very difficult 
problem. Analytical methods for hy- 
drocarbons have never been considered 
to be entirely satisfactory. The various 
studies on emissions from motor ve- 
hicles have been reported in terms of 
differing driving cycles and differing 
sampling instruments and techniques, 
making comparison of results uncertain. 
It was concluded that the Compre- 
hensive Exhaust Gas Field Survey con- 
ducted by the Co-ordinating Research 
Council in Los Angeles in the fall of 
1956 used the most appropriate methods 
for selecting a representative sample of 
automobiles and testing them under a 
controlled operating cycle.* This study 
showed an average hydrocarbon loss 
of 5.9% by weight of the supplied fuel. 
(Hydrocarbons measured by hexane- 
sensitized infrared analyzer.) Con- 
sideration of the other studies leads to 
the conclusion that the Field Survey 
results are probably too high. The 
judgment was made to assume a 5% 


Table I—Estimated Olefin Emissions 
Los Angeles County 
Los Angeles County 


(tons per day) 
1940 1970 
Total 206 657 
Vehicular emissions 
Exhaust losses 134 596 
Gasoline tank losses 6 13 


operating 


osses 16 
Carburetor hot soak 
losses 5 
Petroleum refining and 
storage 13 
Petroleum marketing 
Transport Loading 7 1 
Filling Service Station 
and Vehicle Tanks 5 13 


* Data taken from “Technical Report 
on Ambient Air Quality and Motor Vehicle 
Exhaust Standards,’ California Depart- 
ment of Public Health. 


weight loss of the supplied fuel for the 
purpose of calculating the standards. 
This corresponds to a concentration of 
1375 ppm hydrocarbons as hexane in a 
composite sample representative of the 
driving pattern used in the Co-ordinat- 
ing Research Council study. There is 
reason to believe that this figure may 
still be higher than the true value. New 
studies are in progress to establish the 
present average concentration on a 
sounder basis. 

The hydrocarbon standard was then 
calculated by combining the reduction 
factor and the estimated current average 
hydrocarbon concentration in vehicle 
exhaust as follows: (1 — 0.80) 1375 = 
275 ppm as hexane. 


Carbon Monoxide Standard 


The exhaust standard for carbon 
monoxide was arrived at by examining 
the air monitoring records of the Los 
Angeles County Air Pollution Control 
District and calculating the reduction in 
carbon monoxide emission needed to 
prevent the occurrence of 8-hr episodes of 
30 ppm or more. There were no cases 
when carbon monoxide reached 120 
ppm for 1 hr. It was found that a 33% 
reduction was required for the year 1957. 
Extrapolation to the year 1970 led to 
the conclusion that a 60% reduction was 
necessary. It was estimated that motor 
vehicles would be the only significant 
source of carbon monoxide in 1970 (see 


Table ll—Estimated Carbon 
Monoxide Emissions? 
Los Angeles County 


(tons per day) 
1957 1970 
Total 8600 12,700 
Vehicular exhausts 7200 12,100 
Petroleum refining 1200 300 
Metals manufacture 200 300 
Other sources <10 <10 


@ Data taken from ‘Technical Report 
on Ambient Air Quality and Motor Vehicle 
Exhaust Standards,” California Depart- 
ment of Public Health. 
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atoms. 
Carbon monoxide—1.5% by volume. 


Hydrocarbons are defined as 
lent method. 


an equivalent method. 


Table IllI—Standards for Motor Vehicle Exhaust Emissions 


The standards of emissions of motor vehicle exhaust contaminants are:* 
Hydrocarbons—275 ppm by volume as hexane. (0.165 mole percent carbon 


The standards refer to a composite sample representing the driving cycle de- 
scribed below. Exhaust gas concentrations s 
volume containing 15% by volume of carbon dioxide plus carbon monoxide. 
the organic constituents of vehicie exhausts as 
measured by a hexane-sensitized nondispersive infrared analyzer or by an equiva- 


Carbon monoxide shall be measured by a nondispersive infrared analyzer or by 


be adjusted to a dry exhaust 


Driving Cycle 
Rate of 
Speed Change, Percent of Percent of Total 
Condition mph/sec Total Time Sample Volume 
Idle _ 15.0 4.2 
Cruise, mph 
20 _— 6.9 5.0 
30 _ 5.7 6.1 
40 —_ 2.7 4.2 
0.7 1.5 
Acceleration, mph 
0-60 3.0 1.1 5.9 
0-25 2.2 10.6 18.5 
15-30 1.2 25.0 45.5 
Deceleration, mph 
50-20 1.2 10.2 2.9 
30-15 1.4 11.8 3.3 
30- 0 2.5 10.3 2.9 
100.0 100.0 


hydrocarbon emissions is needed. 


Tt has been judged that an over-all 80% reduction of motor vehicle exhaust 
The hydrocarbon concentration expressed in 
these standards was derived by applying this percent reduction to the current 
estimated average exhaust hydrocarbon concentration. 

It has been judged that an over-all 60% reduction of motor vehicle exhaust 
carbon monoxide emissions is needed. The carbon monoxide concentration ex- 
pressed in these standards was derived by applying this percent reduction to the 
current estimated average exhaust carbon monoxide concentration. 

In the application of the standards to the approval of exhaust control systems, 
consideration must be given to such factors as warm-up time, reliability, and ef- 
fective life of control devices, and exemption of certain groups of vehicles from 
compliance. If a substantial number of vehicles are allowed to greatly exceed the 
standards the objective of the standards may not be reached. 


Table II). This is to a large extent due 
to the construction of carbon monoxide 
boilers at petroleum refineries in that 
area by 1970. 

The estimated current average carbon 
monoxide concentration in exhaust was 
derived from the Co-ordinating Re- 
search Council Field Survey study pre- 
viously cited. This value is 3.8% by 
volume for a composite sample repre- 
senting the standard driving cycle. 
This is believed to be a more firm figure 
than the corresponding hydrocarbon 
value. Other studies are in reasonable 
agreement with this figure.‘ 

The carbon monoxide standard thus 
becomes: (1 — 0.60) 3.8 = 1.5% by 
volume. 


Standards Adopted 


The standards as adopted by the 
California Board of Public Health on 
December 4, 1959, are shown in Table 
III. The reference driving cycle is in- 
cluded with the statement of the hydro- 
carbon and carbon monoxide concentra- 
tion. The gas concentrations are quali- 


fied by requiring a correction to a 15% 
(CO + CO.) concentration to protect 
against spurious results achieved by the 
addition of excess air to the exhaust 
stream. 


Other Exhaust Pollutants 


Standards were adopted for hydro- 
carbons and carbon monoxide, but not 
for other pollutants present in motor 
vehicle exhausts. Other substances in 
exhausts that have received considerable 
attention in California are lead, oxides 
of nitrogen, and sulfur dioxide. 

The motor vehicle exhaust standard 
did not include lead because no air qual- 
ity standards were adopted for this 
heavy metal. In considering the air 
quality standard, considerable attention 
was given to lead because atmospheric 
lead levels in Los Angeles are among the 
highest found in large American cities. 
It was finally concluded that informa- 
tion on atmospheric lead exposure of 
populations did not permit a standard at 
this time. 

There were a number of reasons why 


a standard for oxides of nitrogen was not 
set for exhaust emissions. As has al- 
ready been indicated, the air quality 
standards did not include oxides of 
nitrogen or ozone. It is generally con- 
sidered that a large reduction in olefinic 
hydrocarbons alone, as required by the 
standards, will accomplish a marked 
improvement in “‘smog”’ conditions that 
lead to eye irritation, vegetation dam- 
age, and reduction of visibility. While 
nitrogen dioxide is an important com- 
ponent in the photochemical reaction, 
hydrocarbon control would be required 
in any event. Nonexhaust hydrocar- 
bons have been controlled in Los An- 
geles, but such has not been the case 
for oxides of nitrogen. A control of 
oxides of nitrogen in exhaust at this 
time would still permit large quantities 
of these compounds to be emitted from 
other sources. 

Should air quality standards be 
adopted for ozone or nitrogen oxides at 
or below levels measured in California 
communities, it is likely a motor ve- 
hicle exhaust standard for oxides of 
nitrogen would be indicated. Con- 
tinued growth of metropolitan regions 
and increased use of motor vehicles also 
indicate the possibility that an oxide of 
nitrogen standard will be necessary. 

Recent studies® have shown that sul- 
fur dioxide in exhausts is significantly 
involved in the development of aerosols 
upon irradiation. The concentration of 
sulfur dioxide in exhaust is sufficiently 
low at present so that the current air 
quality standard for sulfur dioxide (0.3 
ppm for 8 hr) is not exceeded in areas of 
high traffic density. However, the 
involvement of sulfur dioxide in photo- 
chemical aerosol formation requires 
careful study. It is conceivable that 
the limitation of motor fuel sulfur con- 
tent may be needed in the future as an 
air pollution control measure. 


Crankcase Emissions 


At the time standards were being 
developed it was assumed that crankcase 
vent gases represented only a small 
percent of the exhaust hydrocarbons. 
This assumption was based on pub- 
lished studies* and available data on 
hydrocarbon losses from all sources. 
As a result, the exhaust standards did 
not take “blowby” into account. Since 
that time, information has been pub- 
lished that indicates ‘“‘blowby”’ may con- 
tribute substantially to the total hydro- 
carbon emissions.’ At the first revision 
of the standards, these crankcase emis- 
sions will also be taken into considera- 
tion. It is hoped that the contribu- 
tion of “blowby”’ to total hydrocarbon 
losses will be more firmly established by 
that time. 


Conclusion 
The motor vehicle exhaust standards 
(Continued on p. 414) 
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CONTROL of NITROGEN OXIDES in BOILER FLUE GASES by 
Two-Stage Combustion™ 


There are always small amounts 
of nitrogen oxides, principally nitric 
oxide, present in the combustion prod- 
ucts discharged from boilers, industrial 
furnaces, automobile engines, and any 
o' her equipment that burns fuel at high 
temperatures. Haagen-Smit,’? Ste- 
piens,* Johnston,‘ and others have 
shown that these oxides, when dis- 
charged into the atmosphere, react 
photochemically with hydrocarbons 
there to form smog. This is occurring 
to some extent in several of our large 
industrial cities, but is probably most 
severe in the Los Angeles basin. Al- 
though steam-power plants account 
for only 15 to 20% of the total nitric 
oxide produced,’ in the interest of over- 
all air pollution control it was deemed 
necessary to determine what could be 
done to bring this source under control. 

Since early 1957, the Babcock and 
Wilcox Company has been conducting 
an investigation, in co-operation with 
the Southern California Edison Com- 
pany, to determine what could be 
done to reduce the nitric oxide concen- 
tration in flue gases from power plants 
in the Los Angeles area burning residual 
oil and natural gas. The investigation 
developed into a three-phase program. 
The first phase dealt with a study 
of operating boilers to determine the 
levels of nitric oxide which existed in the 
flue gases, the effect of burner and 
furnace design upon the nitric oxide 
level, and whether the amount of nitric 
oxide in the flue gases could be reduced 
by making changes in operating pro- 
cedures or minor alterations to burners. 
The second phase consisted of labora- 
tory studies to isolate the important 
design and operating variables affecting 
the formation of nitric oxide during 
combustion. The third phase dealt 
with field tests to check the control 
method developed in the laboratory. 

* Presented at the 52nd Annual Meeting 


of APCA, Statler Hotel, June 21-26, 1959, 
Los Angeles, Calif. 


October 1960 / Volume'10, No. 5 


DONALD H. BARNHART, Research Engineer, and 
ERLE K. DIEHL, Senior Chemist, The Babcock and Wilcox Company, Research Center, Alliance, Ohio 


The purpose of this paper is to present 
the results of the investigation which 
subsequently led to the application of a 
method for reducing nitric oxide emis- 
sion from power plant stacks. 


General Considerations 


Nitrogen dioxide (NO,) is considered 
to be the nitrogen compound that takes 
part in the complex reactions leading 
to smog formation. Thermodynamic 
considerations® point to the fact that 
nitric oxide (NO) would be the primary 
nitrogen oxide formed during combus- 
tion of a fuel with air, although other 
oxides might be present due to second- 
ary reactions. The high temperatures 
attained in the flame promote the fixa- 
tion of nitrogen in the combustion air 
according to the reaction Ne + O. = 
2NO. Chemical equilibria and reac- 
tion rates favor its further oxidation 
at lower temperatures according to the 
reaction 2NO + O, = 2NO.. It is 
reasonable to believe, therefore, that 
NO is the primary oxide of nitrogen 
formed in a boiler furnace, and that 
the amount of NO, present is at a 
minimum until the flue gases enter 
the atmosphere where lower tempera- 
tures and an abundance of oxygen 
enhance its formation. 

In order to determine the total 
amount of nitrogen oxides formed during 
combustion, it is necessary to use an 
analytical method that measures the 
amount of nitric oxide and the small 
amounts of the other oxides of nitrogen 
that may be present in the flue gases. 
The phenoldisulfonic acid method,’ 
which has been widely used in air 
pollution studies, was therefore chosen 
for use in the investigations described 
in this paper. Since the method does 
not distinguish between the individual 
oxides of nitrogen, and because of the 
reasons stated above, we have chosen 
to report the results of our flue gas 
analyses as total oxides expressed as 
nitric oxide. 


Possible Approaches 

Various approaches have been con- 
sidered for reducing the nitric oxide 
content of flue gases. These include 
methods for the catalytic decomposition 
of the oxides already formed in the 
high temperature region of combustion 
flames, and methods for adsorption 
of the oxides on active surfaces. Many 
of these methods are technically feasible, 
but involve the use of additional equip- 
ment and chemical media that make 
them somewhat unattractive for power 
plant application. 

Because of our Company’s experience 
in furnace and burner design, it was be- 
lieved that our best contribution could be 
made in the realm of boiler design or 
operation. Within this area, there were 
methods to be considered which might 
bring about an effective decrease in peak 
temperatures, hence reduce the initial 
amount of nitric oxide formed. Among 
these methods were the introduction 
of inert gas through the burner as sug- 
gested by T. S. Bacon,’ the admission of 
exhaust steam for flame cooling, the use 
of increased excess air, and the addition 
of cold surface in the burner zone. 

Another method considered was to 
reduce the intensity of combustion by 
decreasing the turbulence of the fuel- 
air mixture at the burner. This could 
be achieved by adjusting air registers, 
modifying atomization, or making other 
burner alterations. 


Exploratory Work in the Field 

The first approach tried was to in- 
vestigate the possibility of reducing 
the amount of nitric oxide in the flue 
gases by making changes in operating 
procedures or minor alterations to 
burners. The unit selected for ob- 
taining this information was a boiler at 
Southern California Edison’s E] Segundo. 
Steam Station. A side-sectional view 
of the boiler is shown on Fig. 1. This 
unit is fired by 16 combination gas and 
oil burners and delivers 1,140,000 lb 
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Fig. 1. Boiler No. 1, El Segundo Steam Station, Southern California Edison Co. 


of steam per hour at 1860 psi and 1000°F. 
It employs attemperation and flue gas 
recirculation for steam temperature 
control and uses 600°F preheated air 
for combustion. 

Previously, it had been established 
that the nitric oxide concentration in the 
flue gas from the boiler during full 
load oil firing was approximately 685 

During the period from April 8 
to July 10, 1957, a series of tests was 
performed to investigate the effect of 
certain operating variables on nitric 
oxide formation. Only those variables 
were tested that did not require ex- 
tended boiler outages for changes in 
equipment, and did not interfere with 
the boiler’s ability to meet its load 
demands. 

t All nitric oxide concentrations re- 
ferred to in this paper are reported as parts 
per million by volume (ppm), calculated 
to a base of 115% total air. 


The results of these tests indicated 
that nitric oxide level decreased with a 
decrease in boiler load. At full load 
and a given burner setting, the nitric 
oxide concentration increased when the 
total air was increased from the normal 
108% to a high of 132%. Gas recircu- 
lation through the lower rear wall had 
no noticeable effect on nitric oxide 
level. 

In addition, it was found that any 
change made on the burner (a view 
of a combination oil and gas burner is 
shown on Fig. 2) that delayed mixing 
of the fuel and air resulted in a lower 
nitric oxide concentration in the flue 
gases. For example, while firing oil, 
removal of the approach-cone vanes 
from the burners and operation with 
air registers wide open (instead of the 
normal biased position) reduced the 
nitric oxide concentration in the flue 
gases from 685 ppm to 575 ppm, or 


about 16% (Fig. 3). Although furnace 
conditions were very good, the decrease 
in nitric oxide content was far less than 
that desired. 

A 40% reduction in nitric oxide was 
obtained by moving the burner impeller 
all the way forward. However, long, 
smoky flames filled the furnace and 
frequently carried over into the super- 
heater. Obviously, these conditions 
could not be tolerated in regular op- 
eration, and it was therefore decided 
that some other method of burning 
had to be found that would reduce 
nitric oxide formation and still burn all 
the combustibles well ahead of the su- 
perheater inlet. 

Another part of the exploratory work 
in the field was to accumulate more 
information concerning the levels of 
nitric oxide in boilers of different 
design, as well as in those burning 
different fuels. To obtain this informa- 
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Fig. 2. B&W combination gas and oil burner. 


tion, a survey was made of more than 
« dozen field units throughout the 
country. 

Typical nitrie oxide concentrations 
measured during this survey are shown 
on Fig. 4. These measurements were 
made with the boilers operating at full 
load. The levels shown for oil firing 
ranged from a low of 330 ppm to a 
high of 915 ppm; for gas, from a low 
of 160 ppm to a high of 1140 ppm. 
It is also interesting to note that for 
several coal-fired boilers tested, the 
nitric oxide concentration varied from a 
low of 650 ppm to a high of 1420 ppm. 

The survey stressed the importance 
of considering all design factors (burner 
design, proximity of burners, flame pat- 
tern, degree of turbulence in the furnace, 
surface-to-volume relationship, etc.) in 
evaluating the differences observed 
among the various installations. Re- 
sults of the field survey did not reveal 
any consistent relationship between 
fuel type and nitric oxide level. 


‘hat certain 
+1, such as 
s, ete., might 


Since it was poss 

individual constitu i 
sulfur, nitrogen co. 
have some effect on oxide forma- 
tion, analyses were ..ue of several 
samples of natural gas. These samples 
represented fuels burned in _ boilers 
which showed extreme differences in 
nitric oxide formation. The results of 
some typical analyses are shown in 
Table I. 
The analyses revealed nothing which 
could explain these differences. For 
example, it was found that the concen- 
tration of combined nitrogen compounds 
in these samples was so low that it 
could account for less than 10 ppm 
nitric oxide in the flue gas. This is 
not considered a significant quantity 
in view of the large variation in nitric 
oxide concentration found in the boilers 
burning the gases analyzed. 

The results obtained from similar 
analyses of several residual oils gave 
further evidence that differences in 


Table I—Typical Fuel Gas Analyses 


Station 


El Segundo 


Nitric oxide in flue gas, ppm 
Analysis of fuel gas 
Chemical analysis, ppm combined 
nitrogen 
Mass spectrometric analysis, % 
Elemental nitrogen 
Helium 
Carbon dioxide 
Methane 
Ethane 
Propane 
N-butane 
Isobutane 
Pentanes 
Hexanes 
Heptanes 
Gross heating value, btu/scf 
Specific gravity (air = 1) 


Blo 


moocoor Boon 
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nitrogen content in the fuels were not 
responsible in any significant way for 
differences in the nitric oxide content 
of the flue gases. 

As to the possibility that the sulfur 
content of the fuel might account 
for some of the differences in observed 
nitric oxide concentrations, no definite 
relationship could be developed from 
field data. It was decided, therefore, 
to make a test run in the laboratory 
where sulfur would be the only variable. 
A four-fold increase in the sulfur content 
of a residual oil showed no significant 
change in the level of nitric oxide 
formed. 

As a result of the exploratory field 
work, it became apparent that addi- 
tional study would be required in 
order to investigate fully the factors 
affecting nitric oxide formation during 
combustion. Since it was not feasible 
to continue this on field units, an ex- 
perimental program was undertaken on 
one of the burner test units at the Bab- 
cock and Wilcox Company’s Research 
Center in Alliance, Ohio. 


Laboratory Investigations 


Essentially, the test unit used in these 
investigations (Figs 5 and 6) is a water- 
cooled tunnel 12 ft in diameter and 22 
ft long, designed to accommodate 
and test full-size burners. The unit 
is equipped with suitable controls and 
auxiliary equipment to provide maxi- 
mum flexibility for studying design and 
operating variables. 

Preliminary tests to establish base 
conditions showed that the nitric 
oxide concentration produced in the 
test unit was approximately 300 ppm. 
Although this was less than half the 
concentration found at El Segundo, 
there were several reasons why the 
difference existed. The furnace surface- 
to-volume ratio in the test unit is 
more than twice that existing in the 
ordinary commercial boiler. This has 
a marked effect on keeping the peak 
temperatures reached in the burner 
flame considerably lower than those 
reached on a field unit. Single burner 
operation on the test unit is another 
factor which probably reduces peak 
temperatures. The mutual support of 
multiple burners on a commercial 
boiler tends to reduce radiation of 
heat from the burner flame and ele- 
vates the maximum temperatures 
achieved in the burner zone. Our 
experience in extrapolating pilot data 
to full-scale performance, nevertheless, 
gave us confidence that trends observed 
on the test tunnel could be expected to 
occur in the field. 

A systematic investigation on this 
unit brought out a number of important 
relationships concerning the effect that 
burner-furnace design and operating 
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CONVENTIONAL 
COMBUSTION 


Station. 


variables have on the formation of 
nitric oxide during combustion. These 
relationships are shown on Figs 7 and 8 
and may be stated as follows: 


1. The position of the burner impeller 

did not have a great effect on the 

nitric oxide content of the flue 

gases until it was moved fully 

forward from its normal operating 
| position. With the impeller in 
j the forward position, the nitric 
oxide concentration was reduced 

to 155 ppm, a 48% reduction 

from the normal (300 ppm). 
This reduction compared favorably 
with the results obtained previously 
at El Segundo. Here again, we 
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APPROACH— CONE VANES IN 
AND AIR REGISTERS BIASED 


Fig. 3. Effect of burner alterations on nitric oxide concentrations, full load oil firing, El Segundo Steam 


were not able to take advantage of 
this method of operating because 


* of unsatisfactory flame conditions. 


Decreasing impeller diameter had 
an adverse effect on flame stability 
and resulted in unstable test 
conditions. 


. Removal of the approach-cone 


vanes resulted in a decrease in the 
nitric oxide level from 300 ppm to 
285 ppm. 


. The use of various sprayer plates 


representing a range of atomization 
and spray-cone angle did not 
lower the nitric oxide concentration 
of the combustion gases, nor was 
there any significant difference 
between types of atomizers. 


4. The throat diameter of the burners 


tested did not materially affect 
nitric oxide formation. 


. Burner load had a very definit® 


effect on nitric oxide concentration. 
As expected, a decrease in load 
produced a decrease in flame tem- 
perature and a resulting decrease 
in nitric oxide formation. Tests 
at full, one-half, and one-quarter 
load resulted in nitric oxide values 
of 300, 185, and 145 ppm, re- 
spectively; maximum measured 
temperatures also decreased from 
3165° to 3010° to 2110°F. 


. A marked reduction in_ nitric 


oxide occurred when propane was 
burned instead of oil. Propane 
was used for the tests because 
sufficient quantities of natural gas 
were not available at the test 
site. Nitric oxide concentrations 
for oil and gas firing were 300 and 
124 ppm respectively. This is 
equivalent to a difference of 59% 
A difference of 27% was obtainec 
when comparing oil and _ ga: 
firing on the El Segundo boiler. 
We believe that the greater dif- 
ference on the test tunnel was 
due to the use of propane rather 
than natural gas. 


. A 460°F reduction in combustion- 


air temperature produced only 
a 50 ppm decrease in nitric oxide 
formation. 


. There was essentially no change in 


nitric oxide level when gas re- 
circulation was simulated by intro- 
ducing steam into the combustion 
air. This again compared favor- 
ably with the early tests at El 
Segundo. This test also served 
to demonstrate that reduction of 
flame temperature (some 200°F) 
by humidifying the combustion 
air had no effect on nitric oxide 
formation. 


. In the course of investigating 


the excess air variable, it was 
found that a substantial reduction 
of the nitric oxide concentration 
in the flue gases could be achieved 
by operating the burners with 
less than the normal amount 
of combustion air. The results 
of tests showed that once the total 
air through the burner was reduced 
to theoretical, further decreases 
produced substantial reductions 
in nitric oxide (Fig. 9). For 
example, with 95% of theoretical 
air through the burner, a 30% 
reduction was obtained; with 
90%, the reduction was 55%. 
These results were obtained on 
both oil and gas firing. 


For this method of operation to be 
applied effectively in a boiler, some way 
had to be found to introduce the re- 
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mainder of the air—“auxiliary air’— 
required to complete combustion. The 
next problem then was to deter- 
mine the size, number, and location of 
auxiliary-air ports for several furnace 
designs. 

This was accomplished, to a large 
extent, by a study of basic temperature 
and gas analysis data in the flame with 
various air-port combinations. It was 
found that practically all nitric oxide 
formation took place in a comparatively 
small high-temperature zone within 
a few feet of the burner. When auxil- 
iary air was introduced so that it 
penetrated this zone, little or no 
reduction of nitric oxide level occurred. 
When, on the other hand, the auxiliary 
air was injected just beyond this zone, 
a maximum reduction of the nitric 
oxide level occurred, and although the 
flame was longer, combustion was still 
complete well. within the furnace. 
When, however, the mixing of the 
auxiliary air and combustion gases was 
appreciably delayed beyond the zone 
of nitric oxide formation, combustion 
was not complete within the furnace. 
For best all around performance, there- 
fore, the air ports must be properly 
located with respect to the burners. 

The design of the air ports is equally 
important because this determines the 
rapidity of mixing of the auxiliary air 
and the combustion gases and the 
completeness of burn out in the second 
stage of combustion. 

The problem of auxiliary-air port 
location and design on specific furnace 
designs was also studied on three-di- 
mensional gas models’ such as shown 
on Fig. 10. This is a '/2,scale model 
of a commercial unit that will employ 
this method of operation for controlling 
nitric oxide emission. tem- 
perature air was used to simulate auxil- 
iary air, while air heated to 1000°F 
was used to simulate the combustion 
gases. At several locations on the 
model, velocity profiles can be measured 
to determine gas flow distribution, 
and temperature patterns can be 
measured to determine the degree or 
rapidity of mixing between auxiliary 
air and combustion gases. 

The results of the model studies 
together with the information obtained 
during the tunnel tests permitted us to 
narrow down the large number of 
possible combinations of air-port lo- 
cations to two or three which were 
then tested in the field. 


Field Testing of Two-Stage 
Combustion 


The introduction of a portion of the 
combustion air through the burners, 
and the remainder at some point beyond” 
the burners, is the underlying principle 
of this method of reducing nitric oxide 
formation and has been termed ‘“Two- 
Stage Combustion.” 
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Fig. 7. Effect of burner design and operating variables on nitric oxide concentrations, Alliance Test 


Tunnel. 
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A second series of tests at E] Segundo 
was run to make a preliminary evalua- 
tion of Two-Stage Combustion on a 
commercial ‘scale, and to determine 
which of the possible locations for the 
auxiliary-air ports would be best on 
this type of furnace. 

In these tests, 90 to 95% of the 
theoretical air was admitted through 
the burners. Furthermore, in order 
to take advantage of the decrease in 
nitric oxide level obtained during the 
exploratory work, the burners were 
operated without approach-cone vancs 
and with the air registers wide open. 
The auxiliary air was admitted first 
through gas-recirculation ports in the 
lower rear wall, then through various 
combinations of idle burners to simulate 
ports in the front wall, and finally 
through auxiliary-air ports installed 
in the upper rear wall of the furnace 
(Fig. 11). In general, the results of 
the tests confirmed those obtained et 
the Research Center, namely, that the 
nitric oxide level could be halved by 
utilizing Two-Stage Combustion with 
auxiliary-air admission through the 
front wall and that good combustion 
conditions in the furnace could still 
be maintained. From this, it was 
concluded that the auxiliary-air ports 
should be installed in the front wail 
above the top row of burners for best 
over-all performance. 

Air ports were installed on one of the 
boilers at El Segundo so that a final 
evaluation of Two-Stage Combustion 
could be made before placing this 
method of burning into general practice. 
The location of the auxiliary-air ports 
is shown in Fig. 12. The objective of 
this evaluation was to measure and 
observe over-all performance of the 
boiler when Two-Stage Combustion 
was employed for the control of nitric 
oxide. Tests were designed to deter- 
mine the effects of this method of 
burning upon flame conditions within 
the furnace, composition of the flue 
gases at various locations in the boiler, 
steam temperature control range, and 
heat absorption in the lower furnace, 
superheater, and reheater. 

A set of tests was first run with con- 
ventional combustion, that is, with all 
of the combustion air through the 
burners. Then another set was run 
with 90 to 95% of theoretical air 
through the burners and the remaining 
15 to 20% through the auxiliary-air 
ports. As in the previous tests, burners 
were operated without approach-cone 
vanes and with air registers wide 
open. 

Traverses were made to obtain the 
temperature and the analysis (including 
combustibles) of the flue gases at the 
furnace and boiler outlets (Fig. 12). 
Gas samples for nitric oxide and com- 
bustibles were obtained at the air- 
heater inlet. Heat absorption data 
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Fig. 8. Effect of burner design and operating variable on nitric oxide concentrations, Alliance Test 


Tunnel. 


were taken in the lower furnace area, 
and motion pictures of furnace condi- 
tions were obtained during each test. 

Judged by direct observation, gas 
temperature measurements, and motion 
pictures, general furnace conditions 
were completely acceptable. For the 
most part, the flames were confined to 
the furnace, and there was no evidence 
of carbon or gaseous combustibles at 
the furnace outlet. The color and den- 
sity of the stack discharge appeared to 
be the same for normal operation and 
Two-Stage Combustion. 

Two-Stage Combustion had no effect 
on steam temperature control range 
and furnace heat absorption during 
gas firing. It did have a slight effect 
on these quantities during oil firing. 
This, however, was not sufficient to 
affect station efficiency or over-all 
boiler performance. 

While operating with Two-Stage 
Combustion, no difficulties were en- 
countered when the boiler was auto- 
matically cycled from full to half to full 
load at the normal rate of load change 
on the turbine-generator. 

With 95% of theoretical air through 
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the burners, the nitric oxide concentra- 
tion for both gas and oil firing was 
reduced from 525 ppm to 385 ppm. 
This represents a 27% reduction due to 
Two-Stage Combustion. 

On oil firing, with 90% of theoretical 
air through the burners, the nitric 
oxide concentration was reduced from 
580 ppm to 305 ppm, equivalent to a 
reduction of 47%. Unfortunately, it 
was not possible to obtain a comparable 
test on gas firing during the series at 
El Segundo. However, the trends 
shown on the Alliance test tunnel would 
lead us to expect an equivalent reduc- 
tion (Fig. 13). The El Segundo results, 
it will be noted, are in close agreement 
with those obtained on the test tunnel, 
and percentage reductions in nitric 
oxide level are essentially the same for 
both oil and gas firing. 

Since the results derived from short- 
term tests of Two-Stage Combustion 
have been favorable, this method of 
burning has been put into extended 
test operation at El Segundo. As is 
customary for any new development, 


(Continued on p. 404) 


Bay Area Smoke School 
Previewed for Press 


The Bay Area Pollution Control 
District staff has previewed their Plume 
Evaluation Training Unit—“Smoke 
School”—to the District Board of 
Directors and the press. 

Presently located at the Marine 
Corps Depot, south of Army Street in 
San Francisco, the unit was designed 
and developed by the Bay Area APCD 
at a cost of $12,000 to comply with one 
of the more important of Regulation 2, 
which establishes limits on visible emis- 
sions (section 3110 of the regulation). 
These limits call for evaluation by 
observers. 

The unit makes black smoke and 
white smoke in different shades and 
intensities (opacity). Its purpose is to 
train men to understand clearly the dif- 
ferent degrees of shade and opacity. 
Those to be trained include members of 
the District staff, city and country 
agencies, and other groups that will be 
co-operating with the District in the 
enforcement of Regulation 2. Specifi- 
cally scheduled for intensive “Smoke 
School” training are officials represent- 
ing, fire, health, building, zoning, and 
public works departments; school dis- 
tricts, industry, and business. 

Control Officer Benjamin Linsky 
noted, “This unit trains people so that 
they know when a plume violates or 
conforms to Regulate 2. The regulation 
allows a light plume continuously and 
permits heavy plumes for only a few 
minutes each hour.” 


Designed by H. C. Johnson 


The Bay Area APCD “Smoke 
School” was designed by District En- 
gineer Herbert C. Johnson under the 
direction of Control Officer Linsky and 
John E. Yocom, Director of Technical 
Services. Mr. Johnson was assisted by 
Val Vitols, then an assistant engineer of 
the District, who is now with the State 
of California Department of Public 
Health. The unit was patterned after 
an earlier model, which was developed 
by the Los Angeles APCD from 1949 
to 1951. However, many refinements 
and improvements have been made 
based on experience gained by the orig- 
inal Los Angeles model, including 
mounting the Bay Area APCD unit on 
a trailer, which enables it to be moved 
periodically throughout the District. 

According to Joseph D. Coons, Acting 
Director of Surveillance and Enforce- 
ment, “The only other place where 
opacity training is available in the coun- 
try is in Los Angeles. The ability to 
distinguish shades and degrees of 
opacity and the means for training the 
persons affected are inherent parts of 
Regulation 2. In providing this unit 

(Continued on p. 404) 
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SMOKE SCHOOL STARTS 
(Continued from p. 403) 
we are meeting one of the obligations 
that we undertook when the regulation 
was adopted.” 

120,000 observations by a panel of 
ten people have been correlated using 
modern computers to establish the de- 
grees of opacity and shades of smoke in 
accordance with the regulation. The 
District reports a high degree of corre- 
lation; the exact figures are still being 
compiled. 

Speaking on behalf of the Bay Area 
APCD Board of Directors, Board 
Chairman Andrew C. Byrd stated, “W2 
have taken another step forward to 
provide the means to control air pollu- 
tion in the Bay Area. The technicians 
and engineers on the District staff ani 
those outside who co-operated to fur- 
nish materials and advice are to b» 
commended for their efforts.” Mr. 
Byrd added, “We hope that all those 
who could make good use of this train- 
ing will take advantage of it.” 


Notice of 
Meeting Change 
on page 349 


80 85 90 95 
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Fig. 9. Nitric oxide level vs total air through burner, Alliance Test Tunnel. 


(Continued fram p. 403) 


we are continuing to follow this 
operation in order to observe any 
long-term effects. 


Summary 

Two-Stage Combustion with auxil- 
iary-air ports above the burners is an 
effective method for controlling the 
nitric oxide concentration in boiler 


flue gases while still maintaining accept- ° 


able boiler performance. While utilizing 
this method of operation, with 95% 
of the combustion air through the 
burners, the nitric oxide level was 
reduced nearly 30% with both oil and 
gas firing. A reduction of 47% oc- 
curred during full-load oil firing when 
the air flow through the burners was 


‘O- 

The principal gains made in bringing 
nitric oxide under control are sum- 
marized graphically on Fig. 14. From 
this, it is apparent that Two-Stage 
Combustion together with minor changes 
to the burner (approach-cone vanes 
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out and air registers wide open) has 
given a total nitric oxide reduction of 
56% when firing oil at full load. As 
mentioned previously, similar results 
can be expected in gas firing. It 
appears that additional reductions in 
nitric oxide would be possible if the 
air flow through the burners were 
reduced another 5 or 10%. The 
limit would be reached when combusti- 
bles (carbon, CO, etc.) were detected 
at the furnace outlet, or when the 
burners became unstable. This sug- 
gests that it is important to have good 
operating guides for controlling the 
excess air in the boiler and for regulat- 
ing the distribution of air between 
the burners and auxiliary-air ports. 
The Southern California Edison Com- 
pany has put the Two-Stage Com- 
bustion Method into extended test 
operation this year at their El Segundo 
Steam Station. Although the fuel-air 
mixing process requires careful balance 
between rapid mixing for best combus- 


(Continued on p. 405) 
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(Continued from p. 404) 

tion, and delayed mixing for nitric 
oxide reduction, the change has not 
required expensive equipment nor has 
it involved any extensive alterations 
to the boiler. This method of burning 
has also been incorporated in the design 
of two new boilers for Edison’s Man- 
dalay Station and two for their Hun- 
tington Beach Station. We believe 
that Two-Stage Combustion is a prac- 
tical operating method for the control 
of nitric oxide emission from large 
gas- or oil-fired boilers. 
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NOTES: 


1 Burners operated at full load, firing residual 
fuel oil. 
2 Conventional combustion includes all registers 
wide open, approach-cone vanes out. 
3 Two-stage combustion auxiliary air admission 
through: 
1 Gas recirculation ports. 
2 Rear wall ports. 
3 Second row idle burners. 
4 Top row,idle burners. 


Fig. 11. Nitric oxide concentration vs. loca- 
tions for auxiliary-air admission, El Segundo 
Steam Station. 
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Fig. 12. Auxiliary-air port and test locations, 
El Segundo Steam-Station. 
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AIR POLLUTION DIVISION 
CREATED BY USPHS 


Creation of a new Division of Air 
Pollution in the Public Health Service 
was announced by Surgeon General 
Leroy E. Burney. 

The new Division will consolidate the 
research, technical assistance and train- 
ing activities carried out since 1955 by 
the Air Pollution Engineering and 
Medical Programs. 

“The Division will enhance and 
facilitate the efforts of the Public 
Health Service to assist States, Com- 
munities and Industry in their research 
and control activities in this expanding 
field of nationwide public health con- 
cern,’ Dr. Burney said. The continued 
emphasis on many personal, community 
and industrial activities which contrib- 
ute to both the intensity and complex- 
ity of air pollution and the continued 
trend toward concentration of our 
population in metropolitan areas makes 
it clear that the nationwide threat oi 
air pollution is becoming greater. 


Control Problem Grows 

The growing importance of air 
pollution is reflected in the acceleration 
of interest and activity at all levels of 
government and by industry, univer- 
sity and other private organizations 
concerned with furthering knowledge 
and abatement of a complex and grow- 
0) ing health problem. The increase in 
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TOTAL AIR THRO UGH BURNER-% of air pollution has been particularly 


notable since November, 1958, with the 
Fig. 13. Comparison of El Segundo and Alliance Test Tunnel results during two-stage combustion. (Continued on p. 408) 
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Personalia 


Patrick W. Zilliacus has been named 
General Sales Manager of the Western 
Precipitation Division of Joy Manu- 
facturing Com- 
pany according to 
Robert F. Stewart, 
Vice President of 
the Division. 
Formerly manager 

of agency sales for 3 
the division, Mr. @ 
Zilliacus was man- | 
ager of the Stand- 
ard Fan and Dust 
Collector Prod- 
ucts Department 

o. Joy from May, 
1°57 to November, 1959. 


P. W. Zilliacus 


Dr. Philip Cooperman, assistant pro- 
f-ssor of mathematics at the University 
o! Pittsburgh has been appointed di- 
rctor of research and development for 
Research-Cottrell, Inc., Bound Brook, 
New Jersey. Dr. Cooperman formerly 
served in the capacity of a consultant 
to the firm which manufactures indus- 
trial gas cleaning equipment. 
& 


Paul E. Paules was appointed Western 
Regional manager for the Scientific and 
Process Instruments Division of Beck- 
man, Instruments, Inc. as announced by 
Roy F. Brown. Mr. Paules has served 
in numerous capacities during his career 
at Beckman, and his most recent assign- 
ment was sales manager for the West- 
ern Region. 
& 

Ralph C. Graber, a career engineer 
officer of the Public Health Service, has 


¢ air-pollution studies — 


highways 


industrial 
ovens plants, tunnels, garages, 


* Smeasuring rocarbon contamina- 


tion in LOX, 
tion gases 
© monitoring low explosive limits — 
mines, hospital operating rooms, in- 
dustrial environments 

¢ checking automotive exhaust gases 


her missile and avia- 


NORWALK, 


NEW PORTABLE HYDROCARBON DETECTOR 


detects and measures hydrocarbon 
traces in gases and atmospheres 


The new Perkin-Elmer® 
Model 213 Hydrocarbon 
Detector detects and accu- 
rately measures—in less than 
10 seconds — fractions of 
parts per million of such 
organiccompoundsas hydro- 
carbons, aldehydes, ketones, 
amines in gases and atmos- 
pheres. 

Sensitivity range is adjust- 
able from as low as 0-1 ppm 
full scale to 10% full scale! 


Easy as a suitcase to carry — weighs only 47 Ibs. 
Easy to use — non-technical personnel master it quickly. 


HUNDREDS OF APPLICATIONS EVERYWHERE! 


for engine, fuel, muffler, afterburner 
performance 

¢ studying and controlling combus- 
tion equipment in heating and steam 
generation 

¢ checking leaks — packaging, gas 
transmission lines, storage areas, re- 
frigeration equipment 

* yours? 


For complete details write for the new 8-page brochure. 


INSTRUMENT DIVISION 


Perkin-Elmer 


CONNECTICUT 


been named chief of the Service’s Air 
Pollution Engineering Program. He 
succeeds Frank Tetzlaff who has ac- 
cepted an assignment with the Inter- 
national Co-operation Administration 
as sanitary engineering advisor to the 
Ministry of Health in Lima, Peru. Mr. 
Graber has been associated with the 
United States Public Health Service 
since 1941. 


Willard P. Burdakin has joined 
Wheelabrator Corporation, Dust and 
Fume Control Division, Mishawaka, 
Indiana, and has been assigned to a 
seven-state territory including North 
Carolina, South Carolina, Georgia, 
Tennessee, Mississippi, Alabama, and 
Florida where he will serve as sales 
engineer. 
(Continued on p. 412) 
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Company or — members: Industry affiliation or type of business (steel, petroleum, equipment, etc.).... 


Class of Siabanbio (please check) 


Company or sustaining member’s delegated voting 


Here is an opportunity to help your Association get its membership campaign off the ground. Use this application blank 
for new individual, company or sustaining members. If each APCA member brings in just one new member, we'll be well 


over the 4000 mark. 
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NOMINATIONS NOW OPEN 


FOR APCA’S 1961 AWARDS © 


Nominations are in order for people 
to receive honors or awards given out 
each year by the Air Pollution Control 
Association. According to J. H. Smith, 
Chairman of the Awards Committee, 
these nominations constitute one of the 
most important activities of the year, 
since they promote professional interest 
in the accomplishments of fellow mem- 
bers and encouragement to all to 
contribute to the betterment of the 
objectives of the Association. 

First award to be established by the 
Association was the Frank A. Chambers 
citation “for outstanding achievement 
in the control of air pollution” and 
dates back to February 12, 1954. 
Eligibility for this award goes beyond 
general excellence of work and promi- 
nence in the field into the tangible 
achievement in design of equipment, 
investigation and determination of phe- 
nomenon not previously understood, 
or in a scientific application of existing 
equipment to solve situations we never 
before attempted. 

The second award, named in honor 
of Richard Beatty Mellon, was estab- 
lished in 1955 to honor an individual 
“whose contributions of a civic, admin- 
istrative, technical or other nature have 
aided substantially the cause of air pol- 
lution control.” This award can be 
made to members and non-members of 
the Association. Consisting of a certifi- 
cate, this award cites the service given 
by an individual over a period of time 
to develop the acceptance of the cause 
of air pollution. 


Honorary Membership 


All members are encouraged also to 
recommend as candidates for honorary 
membership names of people of 
eminence in the field of air pollution 
control or who have rendered especially 
meritorious service to the Association. 
Those accorded this recommendation 
will become honorary members of the 
Association, having the privilege of 
attending meetings and other privileges 
of the floor, except they do not have 
voting privileges. 

All nominations and recommenda- 
tions must be accompanied by a full and 
detailed account of the accomplishments 
upon which the nomination is based. 
It should also be accompanied by 
appropriate personal and background 
material concerning the candidate. 


Five references with letters of support 
are required. 

Chairman Smith points out that 
nominations should be sent to the 
Chairman of the Awards Committee or 
to any of it’s members not later than 
January 1, 1960. 


1960 PROJECT AIR LIFT 
GETS OFF THE GROUND 
WITH CELEBRATIONS 


Project Air Lift is one of several 
events conducted annually during 
Cleaner Air Week, October 23 to 29. 
This meterological experiment is spon- 
sored annually by APCA to emphasize 
the relationship of local weather condi- 
tions to atmospheric sanitation. Pilot 
balloons, with accompanying tags, are 
being released in series of 15 from over 
50 cities during Cleaner Air Week. 

Individual cities develop various 
special events in connection with the 
balloon experiment. Columbia, S.C., 
is choosing a beauty queen to reign on 
the day when the ballons will be 
launched. A group of University of 
Cincinnati co-eds known as the Bear 
Kittens will release the balloons at the 
U of C vs Xavier Football Game. 
Drum majorettes will handle the job at 
other intersectional and professional 
football games. In Texas 12 communi- 
ties will conduct the experiment in 
liaison under the direction of state 
official. A similar plan is being con- 
ducted on a smaller scale in Oregon. 

Helium-filled pilot ballons were first 
used to link metorological conditions to 
air pollution problems in 1953. 

Each year a wide variety of patterns 
is developed by the course of the bal- 
loons released during Cleaner Air Week. 
When the balloons ascend to a high 
altitude without being carried horizon- 
tally, an air stagnancy is indicated. 

Many air pollution problems that 
plagued communities in the past are 
being reduced through the use of 
meterological data in choosing industrial 
plant sites. Meteorological studies aid 
in the selecting of plant locations. 
Companies and communities planning 
industrial expansion must come to 
recognize that knowing what Nature is 
doing overhead, is as important as 
looking into floor factors and waste dis- 
posal problems. 

Through Cleaner Air Week, the 
public is brought to realize that in a 
modern industrial community the De- 
partment of Air Purification is as 
necessary as a department of garbage 
disposal and the fire and police depart- 
ments. Since purifying the air is an 
engineering problem, an engineer is 
usually in charge of the community air 
pollution control programs. As in other 
departments of public service, substan- 
tial budgets must be made available to 
the air purification experts, and a sensi- 
ble code must be incorporated into the 
community’ ordinances. 

Cleaner Air Week provides an oppor- 
tunity for air pollution control groups, 
civic organizations, business and 
industry to explain the air sanitation 
problem to the general public. 


Activities Pooled 


a 

By New Division 
(Continued from p. 406) 
National Conference on Air Pollution 
called by the Surgeon General held in 

Washington, D. C. 

Chief of the new Division will be 
Vernon G. MacKenzie, engineer and 
long-time career officer in the Service, 
who is at present Assistant Chief, 
Research and Development, Division of 
Engineering Services. Mr. MacKenzie 
has worked in the field of air pollution 
for more than 10 years. Deputy Chicf 
will be Dr. Richard A. Prindle, PHS 
career medical officer who is at present 
Chief, Air Pollution Medical Progran.. 
Assistant Chief of the division will be 
Ralph C. Graber, engineer and PHS 
career officer who is at present Chie/, 
Air Pollution Engineering Program. 

Creation of the new division for air 
pollution is a logical step to facilitate 
research and technical assistance efforis 
in a field where the interdependence cf 
medical and engineering techniques an 
knowledge is widely recognized and in 
which research and community fiell 
studies increasingly call for the com- 
bined talents of many professional 
disciplines. 

Staff will include physicians, sanitary 
engineers, physicists, chemists and other 
scientists and professional specialists. 

Staff arms to assist the Office of the 
Chief in the over-all planning of activi- 
ties will include, in addition to National 
Advisory bodies, a Program Planning 
and Analysis Staff, a Health Informa- 
tion and Education Staff and an Ad- 
ministrative Services staff. 

The major role of research in the 
Division is reflected in the fact that 
two laboratory research branches will 
be established. The Laboratory of 
Medical and Biological Sciences will 
deal with medical research and some 
phases of agricultural research. The 
Laboratory of Engineering and Physi- 
cal Sciences will be responsible for 
research into the nature, sources, and 
effects on the physical environment, 
and methods of controlling air pollu- 
tion. 

The Field Studies Branch will com- 
bine the epidemiologic, air-measure- 
ment, and _ biological-statistical activi- 
ties necessary to effective research on 
community air pollution. 

The Research and Training Grants 
Branch will unify both engineering and 
medical efforts in air pollution research 
and training activities sponsored by the 
Service in outside institutions. 

The Technical Assistance Branch will 
provide technical services and consul- 
tation to States and local communities 
which request assistance in assessing 
and abating their actual or potential air 
pollution problems. 


Journal of the Air Pollution Control Association 


thi 
Ri 
ve 
de 
co 
th 
a 
or 
} 
pl 
€0 
= te 
D 
= is 
0 
ne 
of 
we 
at 
ve 
N 
P 
M 
ti 
m 
H 
Ce 
P 
of 
ne 
E'S, 
ne 
fu 
pe 
In 
M 
m 
m 
: to 
408 Oc 


‘Workshop of the World’ Revamps Ideas 


In Fight Against Air Pollution Problems 


The Pittsburgh area—with the longest background of air pollution problems in 
this hemisphere—has come up with a united, novel, and perhaps bold approach in 
continuing its historic community fight for cleaner skies. In unflagging endeavors 
to brighten the Golden Triangle where the Allegheny, Monongahela, and Ohio 
Rivers now meet in redeveloped splendor, “The Workshop of the World” has un- 
veiled a new concept in furthering its control program. 

The new concept brings into action an Air Pollution Control Advisory Committee 
designed to provide the best scientific talents of private industry and research to 
a-sist county officials in developing workable improvements on a new air pollution 
control law already acclaimed “the most exacting in the nation.” 

Although advisory committees in themselves are not new, “legislating” them and 
tie duties they will perform is seen as a breakthrough in the long-talked-of theory 
that technical interests of the community should be officially and actively repre- 
ented in municipal control and enforcement programs. This is regarded as espe- 
cially important when engineering resources are vital to the operation of such 


rograms. 


In addition, the committee will be divided into subcommittees with each sub- 


committee stimulating research on one 
(r more specific phases of air pollution 
control. 

The new law, adopted as Article Thir- 
‘een of the Allegheny County Health 
Department’s Rules and Regulations, 
is a consolidation of the old “smoke” 
ordinances of Pittsburgh City and Alle- 
cheny County. It became effective on 
August 1, 1960. Under the terms of the 
new law and with the help and support 
of the Advisory Committee, Allegheny 
County expects to achieve maximum 
atmospheric mundification within ten 
vears. 


New Concept, New Leader 
With the new concept and the new 
law came a new leader. Herbert J. 
Dunsmore was appointed Chief of Air 
Pollution Control by Allegheny County 
Health Director Herbert R. Domke. 
Mr. Dunsmore is an engineer of na- 
tional note. For 12 years he directed 
the Environmental Health Bureau, 
first for the Pittsburgh Health Depart- 
ment, and—after 1957—for the County 
Health Department of which the city 
health department became the nucleus. 
This Bureau, with its Air Pollution 
Control Division, originally launched 
Pittsburgh’s post-World War II attack 
and made smoke control ‘the bulwark 
of Pittsburgh’s redevelopment and re- 
newal program. However, the job is 
not done, as health officials have been 
quick to emphasize; the problems of the 
future in this area, as in other metro- 
politan areas of the country, loom large 
indeed. 
In accepting the new appointment, 
Mr. Dunsmore clarified the issue. 
“Allegheny County’s population is in- 
creasing. Some 300,000 more people 
will be added to the county’s population 
within the next 15 years. This will 
mean more autos, more homes, and 
more refuse as well as more industry 
to employ this increase in the popula- 
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tion. Each of these important com- 
munity functions will contribute an in- 
crement of air pollution. 

“Despite all this, however, we fully 
expect that new and improved control 
devices and greater co-operation of our 
residents will not only maintain the ad- 
vances that have been made, but will 
result in even more substantial im- 
provements in our atmosphere.” 

Mr. Dunsmore said his first project 
will be concerned with existing pollu- 
tion. He—and a staff that will be en- 
larged—have requested a survey to es- 
tablish a complete air pollution emis- 
sion inventory. From this a schedule 
will be developed, aimed at systematic 
reduction of air pollution, chiefly solid 
particulates. The Advisory Committee, 
in this phase of the program, will help 
establish conformity schedules for every 
industrial, commercial, and municpal 
operation which is sending contami- 
nants into the atmosphere. The Com- 
mittee will submit these schedules to 
the Board of Health. 

County industry, which already has 
spent more than $40,000,000 in research 
and installation of control devices, will 
be called on to exert even greater efforts 
in this field. Under the new law, every 
industry must commit itself to an exten- 
sive research and improvement program 
in co-operation with the sub-committees 
of the APC Advisory Committee. 

While the massive industrial com- 
munity in Allegheny County continues 
to suffer a number of citizen complaipts 
regarding air pollution nuisances, 
County Health Director Herbert R. 
Domke said a nation-wide review indi- 
cates the steel industry in this county 
leads all other areas in the installation 
of air cleaning equipment. Dr. Domke 
added: 

“The new law should further advance 
this position.” 

(Continued on p. 410) 


Armor Develops 
New Technique for 
Monitoring Traffic 


A novel technique for monitoring 
personnel or vehicular movement and 
activity by measuring the dust level in 
the air has been developed by Armour 
Research Foundation. The technique 
is based on measuring the concentration 
and size distribution of dust particles 
in the air utilizing a particle counter 
developed by ARF in 1956. 

Using this technique, armies can 
maintain battle field surveillance of a 
remote area: a miniature particle 
counter mounted in a drone aircraft, a 
counter placed near a vital road junc- 
tion—both of these could monitor 
enemy movements in the area. 

Scientists working in fine particles 
research—once they learn the type 
ground and make up of the local dust 
—can tell how many troops are march- 
ing or how many vehicles are moving in 
a specific area. Even bacteriological 
agents can be detected by using the 
ARF particle counter. When all this 
information is assembled and combined 
with other known facts, it can be con- 
verted into vital intelligence. 

The Armour technique evolved 
through a series of projects conducted 
for various sponsors since the particle 
counter was developed. These in- 
cluded analyses of “clean room” as- 
sembly facilities for gyroscopes and 
other sensitive instruments. 


Dust Reduction Needed 


The results of these projects indi- 
cated that certain measures should be 
taken by the management and employ- 
ees to reduce the amount of dust sus- 
pended within the room and the 
introduction of dust from outside. 

While evaluating and corroborating 
the statistical and factual data from 
these projects, the Foundation people 
were able to correlate variations in dust 
level and difference in dust particle 
size to movements and activities of the 
workers and machinery. 

These same correlations and indices 
can be adapted to monitoring most any 
type of activity beyond the immediate 
area of the activity. Particle counters 
—now run and observed by personnel 
—are planned so that they require no 
attention and will automatically make 
records of dust particle counts and sizes 
to be collected periodically. 

Particle counters can be removed 
from an area of activity and still moni- 
tor that activity. Movements in a 
room can be monitored through an air 
duct from a considerable distance. 
(Continued on p. 415). 
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PITTSBURGH TO USE 


ADVISORY COMMITTEE 
(Continued from p. 409) 

The measure was more than a year in 
the making. The original Air Pollution 
Advisory Committee which drafted the 
measure has since been dissolved and 
a new group appointed to continue in 
the advisory roles. A list of the origi- 
nal members will indicate the scope 
of interests: 

Charles H. Weaver (Committee 
Chairman) vice president of Westing- 
house Electric Corp.; Philip A. Fleger, 
chairman of the Board and President of 
Duquesne Light Company; Prof. The- 
odore F. Hatch of the University of 
Pittsburgh’s Graduate School of Public 
Health; Stephen M. Jenks, executive 
vice president of United States Steel 
Corp.; Dr. Campbell Moses, Jr., direc- 
tor of the Addison H. Gibson Labora- 
tory at the University of Pittsburgh, 
Dr. M. Graham Netting, director of 
Carnegie Museum; Leslie J. Reese, con- 
sultant of the Pennsylvania Economy 
League; G. A. Shoemaker, executive 
vice president of Consolidation Coal 
Company; Morton S. Smith, vice pres- 
ident and regional manager of the 
Pennsylvania Railroad; L. P. Struble, 
Jr., president of Union Barge Line 
Corp.; Dr. Edward S. Weidlein, Sr., 
trustee of Mellon Institute, and Joseph 
Yablonski, president of District Five, 
United Mine Workers of America. 


Broad Scope of Interests 


Allegheny County Commissioners, in 
appointing the permanent committee, 
gave it even broader scope of com- 
munity interests. Serving without pay, 
the members were appointed for terms 
ranging from one to three years. The 
new group includes several members of 
the original committee—Mr. Weaver, 
Mr. Fleger, Mr. Hatch, Mr. Jenks, Mr. 
Reese, Mr. Shoemaker, Mr. Struble, 
Dr. Weidlein, and Mr. Yablonski—and 
these new appointees: Mrs. Jean Nick- 
eson, housewife; Emerson Venable, 
Consulting Engineer; Ross Nese, East 
Pittsburgh Council President; Wm. L. 
Feick, President, Brentwood Motor 
Coach Company; Dr. H. H. Schrenk, 
Industrial Hygiene Foundation; Attor- 
ney Charles Hodel, Allegheny County 
Boroughs Assoc. 

As for the technical provisions of the 
new law, many of the emission levels 
of the former Pittsburgh and Allegheny 
County laws have been made more 
stringent. Although the tighter restric- 
tions impose a greater responsibility on 
industrial plants, control devices which 
can hold emission levels to the new 
limits are now available. 

The broad scope of the new measure 
implies restrictions on vapors and gas- 
eous pollution, although the limits can- 
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BERNARDSVILLE, N. J. 


A COMPLETE ENGINEERING 
AND EQUIPMENT SERVICE 


AIR 
POLLUTION 
CONTROL 


FABRIC FILTERS 
YERZLEY SCRUBBERS 
CYCLONE COLLECTORS 


We would welcome the opportunity 
to discuss your air pollution control 
problems with you. 


JOHN WOOD COMPANY 
AIR POLLUTION CONTROL DIVISION 


BE 8-1211 


not yet be spelled out in detail. The 
same is true for radio-active pollution. 
However, a Health Department permit 
is required for the combustion of all 
radio-active waste. 

Residental restrictions, on the other 
hand, have been eased considerably. 
Where the former ordinances prohibited 
all open fires, the new law expressly 
permits fires for picnics and backyard 
barbeques and “other recreational uses.” 
Recognizing the problems of refuse 
burning, the Board of Health recom- 
mended limited control measures until 
adequate collection and disposal sys- 
tems are established in all of the coun- 
ty’s 129 municipalities. Coal burning 
and junkyard fires are rigidly controlled 
as in the past. 


Buses, Trucks To Be Equipped 


There is only one provision of the 
new law pertaining to vehicular exhaust. 
It requires all buses and trucks to be 
equipped with exhaust control devices 
within six months after one or more 
such devices have been placed on the 
market. This is a feature similar to re- 
cent legislation in California; however, 
Allegheny County Board of Health 
Chairman John A. O’Donnell noted 
that any restrictions now on passenger 
cars in Allegheny County would be 
“premature and unrealistic.” Prelimi- 
nary studies in Allegheny County indi- 


cate that highway traffic pours out 
about 660 tons of pollution daily. 

The area’s progress in air pollution 
control is amply demonstrated by the 
visibility observations of the U. S&S. 
Weather Bureau station in Pittsburgh. 
There has been no heavy smoke pro- 
duced since 1956. 

Another indication of the progress 
against air pollution is in the number of 
control devices already installed. 

The steel industry here has taken 
the lead in the installation of electro- 
static precipitators on open hearths. 
Twelve open hearths in Allegheny 
County are so equipped. Ten more are 
planned. 

While this is just one phase of the in- 
dustrial pollution problem, the progress 
made in other areas—electric furnaces, 
cupolas, coke ovens, boiler furnaces and 
others—will not be lost and, under pre- 
scribed research programs, will even- 
tually be improved. 

Energy consumption in any commu- 
nity covers the entire range of air pollu- 
tion potentials. Energy consumption in 
Allegheny County is—on a per capita 
basis—50% greater than for the nation 
asa whole. This, fundamentally, is the 
cause of Allegheny County’s present air 
pollution problems. It has been pre- 
dicted that energy consumption in the 
nation will double in the period 1954 to 

(Continued on p. 412) 
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JET AIRCRAFT CLEARED; 
NOT CONTRIBUTING 
FACTOR TO LA SMOG 


Following months of investigation, 
the Air Pollution Control District 
reported that jet aircraft are not con- 
tributing to smog in the Los Angeles 
Basin. 

The commercial jet transports, which 
have been the subject of many com- 
plaints from residents of the airport 
area, were absolved of producing “any 
generalized deterioration of air quality 
in the vicinity of International Airport” 
in a report the APCD delivered to the 
Board of Supervisors. 

Total daily pollution from all com- 
m-reial jets operating at less than 3500 
fect over Los Angeles County, including 
ground operations, was determined to 
be only 3.5 tons, an amount deemed 
“not responsible for eye irritation, plant 
damage, or visibility reduction in this 
section of the County.” 

Although jet traffic by 1965 is ex- 
pected to increase 475%, the additional 
pollution will still not be of significance 
in the smog picture. 


Jet Smoke Emissions Legal 


Visible smoke emissions from the 
jets were labeled unsightly by the re- 
port, but were found to be within legal 
limits for opacity or duration. 

On take-off, water injection results in 
relatively dense smoke, but the dis- 
charge does not exceed the three 
minutes permitted under the State 
Health and Safety Code, the APCD 
found. During landing and other 
phases of operation, smoke emitted 
does not exceed the lawful opacity. 

The District also investigated com- 
plaints of property allegedly damaged 
by droplets falling from the jets. Five 
specific complaints were received by the 
APCD, and all were investigated. 
Chemical analysis disclosed none of the 
cases to be related ‘to jet engine 
emissions. 

In addition to the droplet complaints, 
another 55 complaints about jets were 
received by the APCD during the past 
year. Most of these were general ob- 
jections to noise and vibration, and only 
incidentally to “possible” air pollution, 
but indicated the need for the study. 

The report concluded that “the prin- 
cipal air pollution factor that can be 
deemed a possible nuisance at this time 
is the visible smoke plume at take-off” 
and recommended that the airline com- 
panies attempt to reduce this by some 
change in fuel, or modification of water 
injection practice. 

Air Pollution Control Officer Smith 
Griswold termed the report noteworthy, 
not only for its comprehensiveness and 

(Continued on p. 413) 


October 1960 / Volume 10, No. 5 


Herbert J. Dunsmore Named APC Head; 
Will Enforce New County Pollution Laws 


Herbert J. Dunsmore, 49, has assumed leadership of the Allegheny County 
Health Department’s Air Pollution Control Bureau as of July 18. 

Mr. Dunsmore, who has been head of the Health Department’s Environ- 
mental Health Bureau for the past 12 years, will be the first permanent director 
of the Air Pollution Control Bureau created last year. 

His annual salary of $13,236 remains the same. 

At the same time, Dr. Domke announced the environmental health post vacated 
by Mr. Dunsmore will go to Dr. Frank B. Clack, who will be Acting Chief. Dr. 


Clack is head of the Food and Milk 
Division of the Environmental Health 
Bureau. 

Mr. Dunsmore will be responsible for 
enforcement of the new Rules and 
Regulations on air pollution control 
which become ef- 
fective August 1. 
The new law is a 
modern consolida- 
tion of the sepa- 
rate old laws of 
the City of Pitts- 
burgh and_ the 
County. 

Dr. Domke said: 
“Mr. Dunsmore 
has been a na- 
tional as well as 
slocal leader in ad- 
vancing public health programs. We 
are particularly fortunate in having 
within our own staff an executive of 
proven ability who can begin immedi- 
ately the development of a new pro- 
gram. 

Following his appointment, Mr. 
Dunsmore commented: 

“Our first job will be to establish a 
complete air pollution emission inven- 
tory. From this a schedule will be de- 
veloped, aimed at systematically re- 
ducing air pollution in all its forms, in 
all areas of the country.” 

Mr. Dunsmore also will work closely 
with the Air Pollution Advisory Com- 
mittee. 

In accepting the new position, Mr. 
Dunsmore called on private interests 
from the smallest home to the largest 
industry to consider conditions that af- 
fect “the air we live in.” 

“Allegheny County’s population is 
increasing. Some 300,000 more people 
in the next 15 years will mean more 
autos, more homes, more refuse as well 
as more industry to employ these 
people. Each of them will contribute 
its own increment of air pollution. 

“Despite this increase in pollution, we 
fully expect that new and improved 
control devices and greater co-opera- 
tion of our residents will not only main- 
tain the historic advances that have 


H. J. Dunsmore 


- been made, but will result in even more 


substantial improvements in our atmos- 
phere.” 
Mr. Dunsmore becomes the fourth 


official figure to lead the smoke control 
fight since it became the bulwark of the 
Renaissance after World War II. 
Smoke Control Chief in the former 
Pittsburgh Health Department was 
Doctor Sumner B. Ely, who retired as 
the shift was made from city to country 
operation. Lee Schreibeis became air 
pollution chief until the division was ele- 
vated to Bureau status in the Health 
Department. He then became Acting 
Chief until recently when he left the 
country to join Bethlehem Steel Co., in 
Buffalo, N. Y. Thomas C. Wurts was 
Smoke Control Chief in the country 
outside of Pittsburgh prior to consolida- 
tion. 

Mr. Dunsmore, a native of Michigan, 
was educated at Michigan State and the 
University of Michigan. 


WILLIAM G. CHRISTY, 
M.E., P.E. 


Consulting Engineer 


Combustion 
¢ Fuel and Refuse Burning 
¢ Air Pollution Control 


¢ Community Air Pollution 
Surveys 


38 Park Row 
New York 38, N. Y. 


ROY F. WESTON, INC. 
Water and Waste Consultants 
Completely integrated air pol- 
lution control services: 

Plant and Field Surveys 
Laboratory Studies 
Process Development 
Equipment Application 
Engineering Design 
Operation Supervision 
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Newtown Square, Pa. 
Elgin 6-0738 
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Personalia 


(Continued from p. 407) 

Jack L. Schumann has been elected 
president and director of Buell En- 
gineering Company, Inc., one of the 
nation’s leading producers of industrial 
dust and air pollu- 
tion control equip- 
ment, it was an- 
nounced by R. F. 
Palyter, chairman 
of the board. Mr. 
Schumann suc- 
ceeds J. A. Mc- @& 
Bride, who will | 
continue his duties | 
as a board mem- 
ber as well as con- 
sultant. 

Mr. Schumann 
joined the Buell organization in 1946 
as a sales engineer. Ten years later, he 
joined Vitro Engineering Company, and 
subsequently served as a vice president 
for this organization. 


J. L. Schumann 


Robert L. Solnick was appointed chief 
project engineer, Sample Handling Sys- 
tems, Scientific. and Process Instru- 
ments Division, Beckman Instruments, 
Inc., as announced by Dr. Kenneth G. 
Halvorsen, who is manager of engineer- 
ing. 

For eight years prior to joining Beck- 
man, Mr. Solnick had been with the 
Fluor Corporation which is located in 
Los Angeles, where he served in the 
capacity of chief research engineer in 
charge of the Physical Section, Re- 
search Division. 


@ 


Robert I. Peters has been named 
manager of Rifidon Plant of Heil Proc- 
ess Equipment Corporation of Cleve- 
land, Ohio. He 
will be in charge 
of all manufactur- 
ing, estimating, © 
and product pro- © 
motion of the 7am 
company’s Rig- 
idon reinforced 
plastic corrosion 
resistant process 
equipment includ- 
ing fume scrub- 
bers, fans, tanks, 
tank covers, hoods, 
ducts, stacks, and other accessory 
equipment. 

Mr. Peters joined the company in 
1946 as an estimator, later became a 
sales engineer, Western Division sales 
manager, and more recently he was ap- 
pointed to the position of assistant chief 
engineer. 


R. I. Peters 
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BAAPCD MARKS MILESTONE; 
REGULATION NO. 2 ADOPTED 


A major milestone in the control of air pollution in the Bay Area was reached 
on May 4, 1960, when the Bay Area Air Pollution Control District Board of Di- 
rectors unanimously adopted their second regulation. Regulation No. 2, under 
preparation for over two years and the subject of public hearings for more than 
one, is a detailed measure which is designed to reduce the air pollution from a num- 
ber of sources, including incineration, salvage, heat-transfer, and general combus- 
tion operations. As with Regulation No. 1, which deals with open burning, it does 
not place any restrictions on the daily activities of most people. The restrictions 


on emissions to the atmosphere became effective on January 1, 1961. 


Regulation No. 2 requires that much 
of the industry and commerce register 
by September 1, 1960, if they emit air 
contaminants. It further requires that 
they reduce the amount of contami- 
nants emitted if the amounts exceed 
certain limits. The regulation also 
states that a reasonable amount of 
time is to be allowed for any emitter to 
meet these limits. 


No Permit Provisions 


The basic law under which the Bay | 


Area Air Pollution Control District 
operates does not provide for a permit 
procedure. Nor does it provide that 
violation of the regulation constitutes 
a misdemeanor. Therefore, if after a 
reasonable amount of time the limits are 
not met, injunction proceedings can be 
instituted which may ultimately result 
in a court order shutting down the emit- 
ting operation. 

Specific limits for a number of con- 
taminants have been established. Some 
of these have a number of exceptions to 
the basic limits. If an emitter can 
prove that an exeeption applies in his 
case he may exceed the basic limit or 
avail himself of alternative limits. A 
number of these exceptions, such as 
those for particulate matter, visible 
emissions, and sulfur oxides, are differ- 
ent from the regulations of other air 
pollution control districts in California. 


Limits Differ from Others 


Some of the limits also differ in other 
ways from those of other jurisdictions. 
The requirement on discrete particles 
from incineration and salvage opera- 
tions is new. The definition of particu- 
late matter is also different. For in- 
stance the Los Angeles County Air Pol- 
lution Control District rules and regula- 
tions specify that the quantity of 
particulate matter emitted be deter- 
mined at 60°F while this regulation calls 
for determination at a temperature 
‘pproximating that of the stack. 

Exempt from the provisions of Regu- 
lation 2 are motor vehicles, internal- 
combustion engines with less than 1500 
cubic inches displacement, one-and two- 
family dwellings, and orchard heaters. 


Regulation 2 
CALENDAR OF EFFECTIVE DATES 


MAY 4, 1960 
Regulation 2 adopted by BAAPCD 
Board of Directors. 


JUNE 15, 1960 
Printed copies of Reg. 2 available. 


JULY 1, 1960 
Initial Registration of existing op- 
erations begins. 


SEPTEMBER 1, 1960 
Deadline for initial registration. 


OCTOBER 1, 1960 
Deadline for submission of com- 
pliance schedule of operations 
which cannot meet emission lim- 
itations on or before January 1, 
1961. 


JANUARY 1, 1961 
Deadline for compliance with Reg- 
ulation 2 requirements, unless ex- 
tended time schedule accepted on 
or before October 1, 1960. 


MAY 4, 1963 
Deadline for submission of com- 
pliance schedule by presently ex- 
isting general operation and general 
combustion operations which have 
been in compliance with the 25% 
relaxation to process weight rule. 


(Reg. 2—Section 6113.) 


MAY 4, 1965 
Deadline for compliance with proc- 
ess weight rule of Regulation 2 by 
presently existing operations. (Reg. 
2—section 6113.) 


JANUARY 1, 1968 
Deadline for full compliance by 
Los Angeles standard incinerators 
which were in existence on May 
4, 1960. (Reg. 2—Section 4310.) 


New Pittsburgh APC Laws 
(Continued from p. 410) 

1957. With Allegheny County carrying 
a proportionate share of this increase, 
it is evident that pollution from existing 
sources must be reduced and require- 
ments on all new installations must be 
strengthened if the area is not to be 
forced into its former unenviable posi- 
tion as the “smoke den” of the world. 


Journal of the Air Pollution Control Association 
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CALIFORNIA BEGINS ANTI-SMOG DRIVE; 
VEHICLE FUME-SUPPRESSORS REQUIRED 


Smog-saturated Californians are seeking new means of alleviating their atmos- 
pheric problems. A law was passed last April by the California legislature requir- 
ing every new car registered in the state to be equipped with an anti-smog device 
within a year after the state’s Motor Vehicle Pollution Control Board tests and 


approves at least two such devices. 
automobile exhaust fumes. 


The law is designed to curb air pollution by 


The new legislation also provides that within three years practically all cars and 


trucks in the state must have the fume suppressors. 


The principal exception to 


the law—put in on behalf of smog-free rural areas in California—is that county 
governments may exempt used cars in those counties that rule they have no smog 


problem. 


California’s climate is partly responsible for its smog problem. Smog is prin- 
cip:lly the product of a photochemical reaction of intense sunlight, atmospheric 
ten perature differences, weak winds, and unburned hydrocarbons in the air. Such 


smog stings the eyes, irritates the lungs, 
ani damages vegetation. 

‘he automobile long was suspected 
as in important contributor to air pol- 
luton. With the rapid growth of Los 
Angeles and the great increase in popu- 
lat:on and in the use of motor vehicles, 
a new type of air pollution has arisen, 
called photochemical smog. More re- 
cetly, this type of smog has been 
noticed in other West Coast cities, as 
well as in some Eastern areas. Factory 
smokestacks and outdoor incineration 
also play a big part in creating smog. 

Since a considerable amount of this 
air pollution is a result of gases from 
automobiles, an increasing number of 
manufacturers in the last few years 
have been trying to develop a device 
for a car’s exhaust system that will burn 
or oxidize vapors before they reach the 
air. 


Good Market Potential 


If the procedures are successful, the 
market for these devices could be tre- 
mendous. For instance, California has 
the largest number of autos of any 
state with 7,500,000 registered vehicles, 
of which at least 6,500,000 may be re- 
quired to use the smog-control appa- 
ratus. 

Trade sources predict that sales of 
such anti-smog devices over a three- 
year period after they become mandi- 
tory in California could amount to al- 
most $700,000,000. They estimate the 
average cost of a smog-suppressor at 
$100. 

However, these sources say that this 
would be only the beginning of a bur- 
geoning new anti-smog-device industry. 
In time, they add, the devices might be- 
come mandatory in many other Ameri- 
can cities that are plagued with air pol- 
lution problems. They believe sales 
could soar to billions of dollars a year. 

Manufacturers working on anti-smog 
devices—automobile parts producers, 
chemical concerns, research companies, 
and a host of others—are concentrat- 
ing on two main types. 
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One is an afterburner that uses a 
pilot flame. The other is a catalytic 
converter. To a great extent, both 
resemble and replace the muffler and 
are locked to the exhaust pipe or are 
placed under the car’s hood. 

Afterburners require only a brief 
warm-up time and have the advantage 
of longer wear. The catalyst or chem- 
ical agent in most converters must be 
replaced or revitalized after 12,000 to 
15,000 miles of driving. 

Estimates on the cost of an effective 
anti-smog car unit vary from $75 to 
$300 and more. Some Detroit retail 
cost estimates on either a catalyst con- 
verter or afterburner have been between 
$130 and $150 a unit on a new car. 

The big problem in producing smog 
mufflers is how to cut manufacturing 
costs. 

The present high cost of anti-smog 
devices results from the materials used 
in producing them. Many converters 
use catalyst made with platinum and 
most afterburners utilize expensive, 
heat-resistant steel or ceramic materials. 


100 Companies Involved 


About 100 companies are actively en- 
gaged in the study or development of 
anti-smog car devices or components. 

Among these are the American Cyan- 
amid Company. New York; American 
Thermocatalytic Corporation, Mineola, 
L. I.; Arvin Industries, Inc., Columbus, 
Ind.; Engelhard Industries, Newark, 
N. J.; Chromalloy Corporation, New 
York; Norris-Themador Corporation, 
Los Angeles; Oxy-Catalyst, Inc., Ber- 
wyn, Pa.; Thompson Ramo Wooldridge, 
Inc., Cleveland; Union Carbide Corpo- 
ration, New York; Universal Oil Prod- 
ucts Company, Des Plaines, IIl., and all 
of the major auto producers, much of 
whose work is co-ordinated by the 
Automobile Manufacturers Association. 

The Studebaker-Packard Corporation 
is installing a smog-reducing apparatus 
in its 1961 Lark six-cylinder engines des- 
tined for delivery in California. 


AIRCRAFT CLEARED 


(Continued from p. 411) 


results, but also because of the difficul- 
ties and hazards involved in securing 
the information. 

Necessity of sampling jet exhaust 
during actual operation required APCD 
personnel to work near areas where the 
jet blast emerges at a speed of 700 miles 
per hour and at a temperature of 700 
degrees. 

Authors of the report which bears the 
title “Air Pollution from Commercial 
Jet Aircraft in Los Angeles County,” 
are: Ralph E. George, Senior Air 
Pollution Engineer and Ralph M. Bur- 
lin, Senior Air Pollution Engineer. The 
test team was headed by Robert L. 
Ramlo, Air Pollution Engineer and Wil- 
liam Oaks, Testing Assistant. 


NEW AP PROGRAM 
STARTED BY USPHS 


The Public Health Service and the 
Weather Bureau have begun an experi- 
mental program of forecasting air pollu- 
tion potential in all areas east of the 
Rockies. The forecasts will be issued 
only when meteorological conditions 
favor build-up of pollutants in an area; 
hence, “No news will be good news,” 
USPHS says. The forecasts will be de- 
veloped at Robert A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio, 
and will help local pollution control and 
research units in setting up special 
studies of their problems. 


Traffic Correlation Study 
(Continued from p. 388) 


ulate Lead Content in Air. Results of 
Tests in City Traffic,’’ Anal. Chem. 
31: 238-41 (February, 1959). 

35. E. T. Wilkins, ‘‘Exhaust Gases from 
Motor Vehicles. II. Some Measure- 
ments of Carbon Monoxide in the Air 
of London,’ Roy. Soc. Prom. Health J. 
76: 677-84 (October, 1956). 

36. W. P. Yant, E. Levy, H. W. Frevert, 
and K. L. Marshall, Carbon Monoxide 
and Particulate Matter i in Air of Hol- 
land Tunnel and Metropolitan New 
York. U.S. Bur. Mines Report In- 
vest. 3585, 69 pp. (1941). 


NOTICE 


NEW DATES FOR 54th 
ANNUAL MEETING OF 
APCA 


JUNE 11-15, 1961 


These new dates have been 
obtained by popular demand of 
APCA membership through the 
co-operation of the Hotel Com- 
modore management. 
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Water, Air Pollution 
Important Issues 
In Presidential Race 


The eyes of the nation are now on 
the presidential race between the Re- 
publicans and Democrats, our major 
political parties. This time both parties 
paid particular attention to the urban 
nature of the nation and the problems 
created by our ever-increasing popula- 
tion. Both parties paid particular heed 
to water and air pollution. 

“America can no longer take pure 
water and air for granted. Polluted 
rivers carry their dangers to everyone 
living along their courses; impure air 
does not respect boundaries. Federal 
action is needed in planning, co-ordi- 
nating, and helping to finance pollution 
control. The states and local commu- 
nities cannot go it alone. Yet President 
Eisenhower vetoed a Democratic bill to 
give them more financial help in build- 
ing sewage treatment plants. A Demo- 
cratic President will sign such a bill. 
Democrats will step up research on pol- 
lution control, giving special attention 
to: (1) the rapidly growing problem 
of air pollution from industrial plants, 
automobile exhausts, and other sources; 
and (2) disposal of chemical and radio- 
active wastes, some of which are now 
being dumped off our coasts without 
adequate knowledge of the potential 
consequences” —Democratic. 

“We pledge: Strengthened federal 
enforcement powers in combatting 
water pollution and additional resources 
for research and demonstration pro- 
jects; Federal grants for the construc- 
tion of waste disposal plants should be 
made only when they make an identi- 
fiable contribution to clearing up pol- 
luted streams; Federal authority to 
identify, after appropriate hearings, 
air pollution problems and to recom- 
mend proposed solutions; Additional re- 
sources for research and training in the 
field of radiological medicine”—Repub- 
lican. 


JACKSON & MORELAND, INC. 


Engineers and Consultants 


Air Pollution Evaluation and Control 
Services for Utilities and Industrials 


. DESIGN, SPECIFICATION, AND EVALU- 
ATION OF SYSTEMS AND EQUIPMENT 


- SUPERVISION OF CONSTRUCTION 
AND OPERATION 


- AIR SAMPLING SURVEYS 
PUBLIC RELATIONS 


Boston—Washington—New York 
375 Park Avenue, New York 22, N. Y. 


W. H. WHEELER DIES; 
PIONEERED ODOR CONTROL 


William H. Wheeler, President of 
Airkem, Inc., died July 23 at the age of 
73. Mr. Wheeler founded the odor 
control pioneering 
firm in 1941 and 
led it to world- 
wide prominence. 
From his _head- 
quarters in New 
York City, Mr. 
Wheeler directed 
the activities of 
the parent com- 
pany which oper- 
ates through dis- 
tributors in 135 
countries of the free world. 

At the age of 56, William H. Wheeler 
resigned his position as air conditioning 
sales engineer to make a commercial 
success out of an intriguing new for- 
mula. The product, a combination of 
125 compounds, was developed to coun- 
teract odors generally found in indoor 
areas. In addition to odor control, the 
product, because of its chlorophyl con- 
tent, added an air-freshened effect. 

Acceptance of the new product came 
almost overnight from both industrial 
and home users. Through retail dis- 
tribution as “air-wick,” the product be- 
came a familiar sight in its unique 
wick bottle. Today, through many 
such well-known companies as Lever 
Brothers and Horlick’s Ltd., the Airkem 
product is sold for use in homes around 
the free world. 

Coincidental with the growth of con- 
sumer products, Airkem under Mr. 
Wheeler’s direction, rapidly expanded 
its distribution of industrial and insti- 
tutional products. The basic concept 
of odor counteraction led to the devel- 
opment of specific products to control 
the many types of odor and sanitation 
problems facing business and industry. 
Airkem research, which was of vital in- 
terest to Mr. Wheeler, found applica- 
tion for the Airkem products in in- 
dustrial process odor control, smoke 
odor removal, removal of product odors, 
and a complete group of sanitary main- 
tenance products incorporating Airkem 
odor control. 

Mr. Wheeler was a member of the 
American Society of Heating and Ven- 
tilating Engineers. He received a de- 
gree in Mechanical Engineering from 
Columbia University in 1911 . 

Mr. Wheeler had recently launched 
a Plan for Presidents, which through 
his efforts reached presidents of many 
corporations in the United States who 
were urged to follow his leadership in 
having their employees support Proj- 
ect Hope. 


W. H. Wheeler 


EMISSION STANDARDS 
(Continued from page 396) 


adopted by the California State Depart 
ment of Public Health included hydro. 
carbon monoxide. The standards rep 
resent a first attempt to set vehicular 
emission standards as a basis for contrgl 
legislation. Judgments and decisions 
were of necessity made on the basis of 
present knowledge of the smog problem) 
As new data become available, the 
standards will be revised. The proceg 
of considering the standards has in itself 
been useful in defining questions which 
must be answered in order to make 
sound decisions in the field of vehicle 
exhaust control. 
first numerical standards should not 
be allowed to detract from continued 
research into the mechanism of smog 
formation and the relative contribution 
of the motor vehicle. 
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AEROSOL SPECTROMETER 
(Continued from p. 389) 

Peter K. Miiller, State of Calif., De 

partment of Public Health, Berkeley, 

Calif., for putting their first attention 


The setting of 


to the existence of the by-pass phe#- 


nomena in the instrument and the basic 
procedure leading to the flowmetering 
methods described in this report. 

The authors wish to express their ap- 
preciation to the manufacturer of the 
Aerosol Spectrometer for technical, as- 
sistance and the permanent loan of an 
instrument. 


REFERENCES 
1. A. Goetz, “An Instrument for the 
Separation and Size 
lassification of Air-Borne Particulate 
Matter down to 0.2 micron.’’ Rev. 
Geofisica Pura E Applicata, Proc. II. 


(Continued on page 416) 
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FINAL PLANS—The Cleaner Air Week Program for 1960 was the major topic of discussion at a join 
meeting of two committees of the Air Pollution Control Association. The session took place at the new 
Coal Building in Washington June 30. Pictured from left are: Harry C. Ballman, director of the Air 
Pollution Control Department, National Coal Association; Kendall Beaton, assistant to manager, Public 
Relations, Shell Oil Company; Charles N. Howison, chairman, Cleaner Air Week Committee, Air Pollu- 
tion Control Association, and director of Air Pollution Control League of Greater Cincinnati; Joseph H. 
McGinty, staff assistant, Administration, Public Relations Department, U. S. Steel Corporation; and 
George T. Minasian, chairman, Public Relations Committee, Air Pollution Control Association. 


The week of October 23 to 29 will be 
the nation-wide Cleaner Air Week, 
sponsored by the Air Pollution Control 
Association. 

Each day of that week has a special 
emphasis and objective and it is hoped 
that through the local committees, or- 
ganizations, and groups will work to- 
gether to achieve these goals. Through- 
out Cleaner Air Week, special days 
have been designated to emphasize 
specific objectives of the campaign. It 
is hoped that those organizations and 
groups who are specifically interested 
will work with the local committee. 

Sunday—Community Sunday, on 
this opening day stress the importance 
of the community-wide approach to 
air pollution control. 

Monday—Housekeeping Day, collect 
rubbish, dirt, and waste materials for 


ARF DEVELOPMENT 


(Continued from p. 409) 

Dust monitoring can be used in de- 
tection applications—either military or 
civilian—where infrared or ultra violet 
systems cannot, or where the use of 
such systems with their giveaway elec- 
tronic characteristics would com- 


Promise the location or presence of a 


monitoring system. 
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pick-up. Do not burn. Junior Cham- 
ber of Commerce may undertake pro- 
motion of this effort. 

Tuesday—Home Heating Day, clean 
furnace, flues. Check maintenance 
needs. Clean chimney. Co-ordinate 
with furnace cleaning firm. 

Wednesday—Automobile Day, does 
your exhaust pipe smoke? Co-ordinate 
inspection drive. 

Thursday—Industry Day, arrange 
industry tours for air pollution control 
progress of your community plants. 

Friday—Air Pollution Control Offi- 
cial Day, publicize the work of your air 
pollution control officials; pay tribute 
to their important public service. 

Saturday—Examination Day, grade 
your community-wide efforts in all 
phases of air pollution control. 


Help Boost - 
APCA 
Membership 


(See page 407) 


SECTION HI-LITES 


(Continued from p. 392) 

Most are direct-fired. Steam and 
smoke emissions are slightly above the 
opacity rating allowed by Regulation 
2. Opacity may be eliminated by burn- 
ing the smoke in an afterburner, which 
may, in the case of batch roasters, 
double the fuel bill. Capital cost of 
control equipment will approximate 
one-sixth to one-third of the original 
plant cost. “The roast coffee odor, as 
well as the romance, will disappear with 
the smoke.” 

Herb Johnson, principal engineer, 
Bay Area Air Pollution Control Dis- 
trict, discussed incinerators and heat 
transfer operations. He pointed out 
that difficulties in the heat transfer field 
would be faced chiefly by oil-fired burn- 
ers with short stacks where there are 
hills downwind. There would be no ash 
problem, but a ground-level sulfur di- 
oxide problem could develop. With re- 
gard to refuse disposal, Mr. Johnson 
stated that revision of archaic incinerat- 
ors would not be worthwhile. 


Hansing Final Speaker 


The final speaker was James R. 
Hansing, senior technologist of Shell Oil 
Company. He spoke chiefly of the 
severe restrictions placed on fuel burn- 
ing by the opacity requirement of the 
regulation. Opacity equivalents of 
black smoke were originally developed 
for solid fuels. He said fuel oil was 
usually considered a clean fuel, but use 
of the opacity equivalent was two or 
three times more restrictive than would 
be indicated by normal use of the 
Ringelmann chart. He foresaw no 
problem in complying with the ground- 
level sulfur dioxide concentrations 
stated in the regulation. On the other 
hand, the limits on particulate matter 
from regenerating fluid catalytic crack- 
ing units was extremely restrictive, with 
allowable losses of only one part in ten 
thousand. He affirmed the desire of the 
petroleum industry to co-operate fully 
with the Air Pollution Control District. 
He recalled that although the oil in- 
dustry is fiercely competitive, its mem- 
bers co-operate fully in the develop- 
ment of air and water pollution con- 
trols. 

Another dinner meeting of the West 
Coast Section of APCA was held at 
Montclair in Southern California on 
July 28. Eighty-four members and 
guests attended. 

Dr. C. Ray Thompason of the Uni- 
versity of California, Riverside, de- 
scribed the Agricultural Air Research - 
Program (AARP) recently initiated on 
the Riverside campus. The two million 
dollar program is jointly supported by 

(Continued on p. 416) 
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Rutgers University 
Begins 2 AP Courses 


Rutgers The State University is of- 
fering two courses in air pollution for 
the academic year 1960-61. 

The first term is Principles of Air Pol- 
lution Control, three credits, which is 
designed to familiarize the student with 
the fundamental factors responsible for 
atmospheric contamination, the effects 
of pollution on man and his environ- 
ment, the basic principles of measure- 
ment, methods of control and gas clean- 
ing, and some knowledge of the legal 
aspects involved. 

This course is under the direction of 
the Department of Sanitation in co-op- 
eration with the Bureau of Biological 
Research, Department of Meteorology, 
Department of Plant Pathology, the 
Nuclear Science Center of Rutgers, and 
the New Jersey State Department of 
Health, Air Sanitation Program. 


Basic Techniques 


A course in Air Sampling and Analy- 
sis is offered second term and this is a 
course providing training in the basic 
techniques of sampling and analysis of 
community atmospheres, source emis- 
sions, and vegetation; application of 
of air pollution; field study of an 
air pollution problém; planning and 
carrying out of survey; evaluation and 
interpretation of results. 

This course is under the direction of 
the The Department of Sanitation in 
co-operation with the Department of 
Meteorology, Department of Plant 
Pathology, and the Nuclear Science 
Center. 

It is open to qualified graduate and 
undergraduate students of Rutgers and 
to industrial, governmental, and other 
professional personnel interested or en- 
gaged in air pollution control. The 
background of those taking this course 
must include basic courses in college 
chemistry and physics, or their equiv- 
alent. 
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AIChE, MIChE MEMBERS ENJOY TALK 
DURING UNIT OPERATION LUNCHEON 


INTERNATIONAL—Enjoying a Unit Operation luncheon at the Hotel Del Prado in Mexico City are mem- 
bers of the American Institute of Chemical Engineers and the Mexican Institute of Chemical Engineers who 
are discussing air pollution problems. Pictured from left are: Robert Cabellero, Martin Smith, J. P, 
Shambaugh, Paul Cater, W. L. Faith, Humberto Bravo, Arnold Arch, and Adalberto Tirado. 


SECTION HI-LITES 
(Continued from p. 415) 


San Bernardino County, private agri- 
cultural and industrial interests, and the 
University of California. Goal of the 
program is determination of the effects 
of atmospheric oxidants and fluorides 
on citrus fruit. Groups of producing 
citrus trees will be encompassed in large 
plastic enclosures. One group will be 
subjected to the ambient polluted air, 
another to purified air, one to oxidant- 
free polluted air, and one to fluoride- 
free polluted air. Methods for remov- 
ing oxidant from ambient air without 
affecting the fluorides, and vice versa, 
are being devised. 

The second speaker was Dr. Moyer 
D. Thomas, noted air pollution expert, 
also engaged in the AARP at Riverside. 
He spoke on “Instrumentation in Air 
Pollution Research.” 


AEROSOL SPECTROMETER 
(Continued from page 414) 


Internat. Symp. Condensation Nuclei, 
Basel-Locarno, 36, 49-69 (1957). 

. A. Goetz, H. J. R. Stevenson; ‘The 

Aerosol Spectrometer Its Theory, Con- 
struction and Application to the Analy- 
sis of Exhaust and Atmospheric Aero- 
sols.’ APCA Pr ings of the 
Semi-Annual Technical Conference, 
San Francisco, Calif. pp. 228-267 
(Nov. 1957). 
A. Goetz, “Study of the Properties of 
Aerosols, with Particular Reference to 
the Nature of the Air-Particle Inter- 
face.’’ Final Report USPHS Research 
Contract SAph-69557 (1958). 


CLASSES FOR AP OFFICIALS 
OFFERED BY TAFT CENTER 


Control of air pollution emissions is 
the subject of two consecutive one-week 
courses designed for air pollution con- 
trol officials by the Training Program, 
Robert A. Taft Sanitary Engineering 
Center, PHS research and engineering 
laboratory in Cincinnati. For the con- 
venience of those desiring to cover both 
aspects of the problem, “Control of 
Particulate Emissions,” November 7 to 
11, is followed by “Control of Gaseous 
Emissions,’ November 14 to 16. In 
both courses, applicability and perform- 
ance of various types of equipment 
and procedures are considered. 

Covered in the first course are 
theories of particulate precipitation, 
measurement of collector efficiency, 
gravity settling chambers, centrifugal 
and other inertial collectors, fabric and 
wet collectors, electrostatic precipita- 
tors, and costs and application of 
collectors. The second course covers 
such topics as meteorological control, 
collector efficiency, absorption and 
adsorption equipment, incineration, 
catalytic combustion, and source con- 
trol. Both courses consider problems of 
sanitary disposal of collected material 
and legal and administrative aspects. 

Applications or requests for informa- 
tion should be addressed to the Chief, 
Training Program, Robert A. Taft 
Sanitary Engineering Center, 4676 
Columbia Parkway, Cincinnati 26, Ohio, 
or to a PHS Regional Office Director 


Journal of the Air Pollution Control Association 


4 
j 
| 
2 
} 
416 
ie 


Utilizes Westinghouse 
“failure-free’’ diodes 


You get more power...reduce maintenance... increase reliability when you 
convert to Buell Silicon Rectifier Units ot yur re 


tifiers 25% or more @ Per- 
fected and specifically designed 
for fast, simplified conversion of 
existing mechanical or tube recti- 
fiers M@ They cut operating costs, 
reduce overall maintenance M@ En- 
able more efficient utilization of 
power @ Eliminate rectifier main- 
tenance M@ Reduce outages @ 
Reclaim plant space M@ Suitable 
for indoor or outdoor installation 
@ For only a small investment you 
can materially improve your recti- 
fier performance m@ For details of 
the unit and a specific proposal 
write: Buell Engineering Co., Dept. 
51-J, 123 William Street, New 
York 38 m@ Northern Blower Divi- 
sion, 6438 Barberton Ave., Cleve- 
land, Ohio Mi CYCLONES, ELECTRIC 
PRECIPITATORS, BAG COLLECTORS, COM- 
BINATION SYSTEMS, CLASSIFIERS, FANS, 


& 4 | 
nem- {for \ 
| 
LS \ VAL 
4 
iS is 
20n- 
: 
ring 
ring 
0th 
| of 
7 to 
20us 
In 
rm- 
nent 
are 
‘lon, 
ney, 
ugal 
and 
of 
vers 
trol, 
and 
‘ion, 
con- 
s of 
arial 
| 
ma- 
hief, - 
Taft 
1676 
Jhio, 
ation 


“4 


Clearing the air 

of mystery for APC... 
Beckman Infrared Analyzers are 
widely used in air pollution resea 
by many private industries and 4% 
government agencies. Positive, 7 
non-dispersive instruments, acc 

to +1%, provide fast response 
detection of most gases from ppm 
100% full scale. Making complex 
analyses with direct reading outpu 
subject to automatic control and 
standard cycling, they are helping§ 
speed the day when these vital 
control problems will be removed 
from public concern. For permanél 
installations in continuous procesg 
control and for stack gas analysis, 
rugged industrial Model 21 is the | 
proven answer. For laboratory and 
pilot plant use, the Model 15-A is 7 
best suited. Also available are 
instruments for the continuous 
analysis of total oxidants (ozone), 
total SO, plus SO;, NO, NO, 

and SQ; which are proving 

their reliability in a wide variety 
of applications. % Beckman 


Application Engineering is furthet 


assurance of proper instrument 
and accessory selection to meet you 
specific performance requirements 
For complete details write for 
Data File 85-10-10. 


Beckman: 
Scientific and Process | Instruments Divisiéth 
Beckman Instruments, Ine 


¥ 5 2500 Fullerton Road, 
YEARS 
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